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A Compound Containing a Labile Disulfide Bond 
Background 

5 

Bifuncttonai molecules, commonly referred to as crosslinkers, are used to connect two 
molecules together. Bifuncttonai molecules can contain homo or 
heterobifunctionaltty The disulfide linkage (RSSR*) may be used within bifunctiona! 
molecules, The reversibility of disulfide bond formation makes them useful tools for 
1 0 the transient attachment of two molecules. Disulfides have been used to attach a 
btoactive compound and another compound (Thorpe, P.E. J. Natl Cancer fmt. 1*87, 
79, 3 101). The disulfide bond is reduced thereby releasing the btoactive compound. 
Disulfide bonds may also be used in the formation of polymers (Kishore, K., Ganesh, 
K. in Advances in Polymer Science, Vol. 21. Saegusa, T. Ed, 1993). 

15 

There are many commercially available reagents for the linkage of two molecules by 
a disulfide bond Additionally there are hiftmctional reagents that have a disulfide 
bond present Typically, these reagents are based on 3-mercaptopropionic acid, i.e. 
dtihiobispropionate. However, the rate at which these bonds ate broken under 

20 physiological conditions is slow. For example, the half life of a disulfide derived 
from dithiobispropiommtdate, an analog of 3-mercaptopfopionic acid, is 27 hours in 
vi vo (Arpicco, S„ Dosio, F.. Bnisa. P . Crosasso, P., CatteL L Bioconjugate Chem. 
1997. 8, 327 ). A stable disulfide bond is often desirable, for example when 
purification of linked molecules or long circulation in vivo is needed. For this reason, 

25 attempts have been made to make the disulfide less susceptible to cleavage 

It has been demonstrated that both stability, measured as reduction potential, and rate, 

k j an ulfide reduction are I iated 

thiols whict t rs .hat may affect the rate of 

30 reduction are stenc interactions, and intramolecular disulfide cleavage. Looking at 
the difference m the rates for the reactions RSH + R'SSR ! -» RSSR" + R'SH and 
RSH + R"SSK" RSSR" ^ R"SH, it has been demonstrated that log k"/Y « 
pCpK/' - pKt r \ where k' and k" are the rate constant for the reactions with R'SSR' 
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and R""SSR"' respectively, pK* r and pK* 4 " are the acidities of the thiol groups R'SH 
and R"SH, and p is a constant determined empirically to be 0.72. From this equation, 
one would predict that the reduction of a disulfide composed from relatively acidic 
thiols would be reduced more quickly than one composed of less acidic thiols. In 
5 support of this observation, it has been demonstrated that the disulfides cystine <pK 4 
8.3) and cystamine (pK* 8. 2) are reduced 3-15 times faster than oxidized glutathione 
<pK» 8.9} (Bulaj, G.. Konemme, T., Goidenberg, D.P. Biochemistry 19J8, 37, 8965). 

It has been demonsnated that both stability (thermodynamics), measured as reduction 

10 potential (Keira D A J. Org. Ckem. 1992, 57, 123), and rate (kinetics), measured as 
rate constants, of disulfide reduction are both related to the acidity of the thiols which 
constitute the disulfide {Szajewski, R.P., Whitesides, G.M J. Am Chem. Sac. i$80, 
102, 201 l).The increase in acidity of a thiol is dependent upon one or more of the 
following structural factors: the presence of electron withdrawing groups which 

1 5 stabilize the thioiate through sigma and pi bonds (inductive effect), the presence of 
election withdrawing groups that stabilize die thioiate through space or solvent (field 
effects), pi bonds which allow the negative charge to be placed on other atoms 
(resonance stabilization), and hydrogen bond donating groups within the molecule 
that can interact internally with the thioiate. For example, cysteine has an amino 

20 group two atoms from the thiol, which is more electron withdrawing than the amide 
nitrogen that is two atoms from the thiol in glutathione As a consequence of this 
difference in electron wither . the thiol of cysteine is 0.6 pK units more 

acidic than glutathione, and as mentioned previously , cystine is reduced 3-15 times 
faster than oxidized glutathione. Another example of a relatively acidic duo! is 5- 

25 ta~2-nitrohenzoic acid, pK* 5. its acidity is due to resonance stabilization and 
inductive effects Us disulfide is rapidly reduced by all standard ally! thiols and its 
colored thioiate makes it a convenient assay for thiol concentration. 

Summary 

30 

De^crtheo sa a prefer ;ry of a compound to a 

cell, comprising associating a compound, containing a disulfide bond that can be 

t k poh msi 

to the cell. The polymer may com] i poh mer and a second polymer. The first 
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polymer and the second polymer may comprise nucleic acids, proteins, genes, 
antisease polymers, DNA/RNA hybrids, or synthetic polymers. 

In another preferred embodiment, a biologically active compound is associated with a 
5 disulfide- mpound, comphsim ie-comaining compound 

having a labile disulfide bond that is selected from the group consisting of" (a) a 
disulfide bond that is cleaved more rapidly man oxidized glutathione and (b) a 
disulfide bond constructed from thiols in which one of the constittient thiols has a 
lower pKa than glutathione and (c) a disulfide bond that is activated by intramolecular 
i 0 attack from a free thiol 

In another preferred embodiment, a compound is provided for inserting into an 
organism, comprising: the compound having a disulfide bond that is labile under 
physiologic conditions selected from the group consisting of (a) a disulfide bond that 
1 5 is cleaved more rapidly than oxidized glutathione and (h) a disulfide bond constructed 
from thiols in which one of die constituent thiols has a lower pKa than glutathione 
and (c) a disulfide bond that is activated by intramolecular attack from a free thiol 

In another preferred embodiment a process is provided for forming a compound 
20 having a labile disulfide hood for use with an organism comprising; forming the 
compound having a disulfide bond selected from the group consisting of (i) a 
disulfide bond that is cleaved more rapidly than oxidized glutathione, and (ii) a 
disulfide bond constructed from thiols in which one of the constituent thiols has a 
lower pKa than glutathione, and (Hi) a disulfide bond that is activated by 
25 uttrarnoi a il i ati u 1 from j free thiol, 
inserting the compound into the organism 

In another preferred embodiment a process is described for compacting a nucleic acid 
for delivery to a cell, comprising associating a polymer containing a disulfide bond 
30 with a nucleic jcid and deli ti i 1 ic acid to fee cell. 

In bet preferred en - < nbed npacting a nuele 

! sliver . i 'in tti poiym h the nucleic acid, the 
that can be cleaved under 
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physiological conditions with the nucleic acid polymer complex, then delivering the 
complex to a cell. 

to anofcer preferred embodiment, a process ;s described for compacting a nucleic acid 
5 for delivery to a cell, comprising associating a polymer containing a disulfide bond 
with a nucleic acid, then associating another polymer with the disulfide containing 
polymer - nucleic acid complex, then delivering the complex io the cell. 

hi another preferred embodiment, a process is described for compacting a nucleic acid 
i 0 for delivery to a cell comprising associating a polymer with the nucleic acid, then 
associating a compound containing a disulfide bond that can be cleaved under 
physiological conditions with the nucleic acid polymer complex, then associating 
another polymer with the complex, then delivering the complex to a ceil, 

15 In another preferred embodiment, a compound is described which contains a disulfide 
bond that can be cleaved under physiological conditions md possesses 
heterobifunclional or honiohifunctional groups. Such a compound can be described 
as a disulfide containing Afunctional molecule. 

20 A ~ S - S -~ A 2 

More particularly, a compound that contains an aliphatic disulfide bond with one or 
more electronegative (electron withdrawing groups.) substituted alpha or beta to one 
or both of the sulfur atoms. These groups serve to lower the pK» of the constituent 
25 thiols; 



Where R u Ri, R% R*» Rs, 'Re* R?, R* -at least one of which is an electronegative atom 
30 or functionality such as OH, OR i an et ler! MB (also sec mHaxy. tertian', and 
quaternary amines), SO } \ COOK COOR (an ester), CONHj. CONR 3 (substituted 
amide), a halogen (F, CI, Br. i), N0 2 . L is defined as a linker ox spacer group that 
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provides a connection between the disulfide and the reactive heterobiftmctiooal or 
homobifunai nai \ j ^ \ and \ L or may tspt be i .ad mav be 
chosen from a group tot includes aikanes, alkenes. alfcyoes. esters, ethers, glycerol, 
amide, urea, saccharides, poi ... s hetaroatoras such as oxygen, sulfur, or 
5 nitrogen. The spacer may be charge positive, charge negative, charge neutral, or 
zwitterionic. A 5 and A ;! are reactive groups they may be identical as in a 
homobi functional bifunctional molecule, or different as is a heterobi functional 
bifunctional molecule In a preferred embodiment, the disulfide compounds contain 
reacti ve groups that can undergo aeyiation or alkyiation reactions. Such reactive 
10 groups include (but not limited to) tsothiocyaaate, isoeyanate, acyl azide, acid halide, 
O-acyi urea, N-hydroxysucciiuinide esters, succinirnide esters, amide, urea, sulfonyi 
chloride, aldehyde, ketone, ether, epoxide, carbonate, alfcyi halide, imidoester, 
carboxyiate, alkyiphosphate, arylhalides (e.g. diOuoro-dinitrobenzene) or anhydrides. 

15 If functional group ALA2 is an amine then A1,A2 can react with (but not restricted 
to), an activated carboxyiic acid, isothiocyaoate, isocyanate. acyi azide, aikyl halide, 
acid halide. N-hydroxysuccinimide ester, sulfonyi chloride, aldehyde, ketone, 
epoxide, carbonate, imidoester, amide, carboxyiate, or alkylphosphate, arylhalides 
(difiuoro-dinitrohenzene) or anhydrides. In other terms when function AI,A2 is an 

20 amine, then an acylauna oi a) kylal tng agent can react with the amine. 

If functional group ALA2 is a sulfhydiyl then A1.A2 can react with {but not restricted 
to) a haioacetyi derivative, activated carboxyiic acid, maleimide. aaaridine derivative, 
aeryioyi derivative, fluorobenzene derivatives, or disulfide derivative (such as a 
25 pyridyl disulfide or 5-thHv2-mtrob«ajzoic acid{TNB} derivatives). 

If functional group ALA2 is carboxyiate then A1,A2 can react with ( but not restricted 
to) a diazoacei told » b a-'d has been activated. 

30 If functional group AI.A2 ss an hydroxy! then A1.A2 can react with (but not restricted 
to) an activated carboxyiic acid, epoxide, oxsrane, or an amine in which 
carbonyldiimidazole is used. 
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If functional group AI.A2 is an aldehyde or .ketone then A1.A2 can react with (but 
not restricted to) m hydrazine, hydrazide derivative, amine (to form a Setoff Base that 
max ot mas n< t be - a*> educing agents such as NaCNBHs), or a 

dioi to form an acetai or festal 

5 

If functjonai group ALA2 is acuvated carboxylie acid, isothiowanate, isocyanaie, 
awl aside, N-hydroxysuccmimide ester, sulfonyl chloride, aldehyde, ketone, epoxide, 
carbonate, irtodoester, ^fcyiphosphae, arylhalides (diauoro-diratrobeazene), 
anhydride, aikyl haiide, or acid haisde, p-nitrophenyl ester, o-nitrophenyl ester. 
10 pentachlorophenyl ester, pentafluoro phenyl ester, carbonyl imidazole, carbonyl 
pyridiniam, or carfaony! dimethyfanimopyxidinium, then AI.A2 can react with (but 
not restricted to) an amine, a hydroxy!, hydrazine, hydrazide, or sulftjydtyi group. 

.If functional group A1,A2 an activated carboxylk acid, haioacetyS derivative, 
15 maleimide, aziridine derivative, acryloyi derivative, fluorobenzene derivatives, Of 
disulfide derivative (such as a pyridyl disulfide or 5-thio-2-n!troben^oic acid{TNB} 
derivatives) then A.I . A2 can react with (but not restricted to) a sulfhydryl. 

if functional group ALA2 is an aldehyde, ketone, epoxide, oxirane, or an amine in 
20 which carhonyidiiniidazoie or N, N'-disuecimmiayl carbonate is used, then Al,A2 can. 
react with (but not restricted to) a hydroxy!. 

If fundionai mup tl 12 is a r i irazide derivati or amine (primary or 

secondary) then AI.A2 can react with (but not restricted to) m aldehyde or ketone (to 
25 form a Setoff Base that may of may not be reduced by reducing agents such as 
NCMBH3). 

Additional a compot nd to< >otams an aromatic disulfide bond in which the 
sulfur atom is bonded directly to the aromatic ring. The ring may contain 5 or more 
30 atoms. 
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Ri-B^s, Rfi-R.j - The substitution pattern on the ring may be varied to alter the reduction 
potential of the disulfide bond. The substiuents may be selected from the group that 

5 includes but is not iimited to OH, OR (an ether), NH^also secondary, tertian-, and 
quaternary amines), SO*', COOH, COOR (an ester), CONH2, CONR2 (substituted 
amide), a halogen (F, CI, Br, f), NO2, CH? (or longer branched or straight chain, 
saturated, or unsaturated aliphatic group) L is defined as a linker or spacer group that 
provides a connection between the disulfide and the reactive heterobifunctionai or 

10 homobifunctional groups. L may or may not be present and may be chosen from 3 
group that includes alkanes. alkenes. esters, ethers, glycerol, amide, saccharides, 
polysaccharides, heteroatoms such as oxygen, sulfur, or nitrogen. The spacer may be 
charge positive, charge negative, charge neutral or zwttterionic. R 5 , Rio - are reactive 
groups they may be identical as in a homobiftmetional bifunctional molecule, or 

1 5 different as in a heterobifunctionai bifunctional molecule. In a preferred embodiment, 
the disulfide compounds contain reactive groups that can undergo acylation or 
alkylation reactions. Such reactive groups include isothiocynanale, isocynanaie, acyl 
1 e K 1 i 1 t de estei > nyl chloride. aldehyde, 

epoxide, carbonate, tmidoester, carhoxyiate. alkyi phosphate, arydbalides ie g 

20 difluoro-dinitrobenxene) or succinic anhydride. 

if functional group R5. RIO is an amine then R5, RIO can react with (but not 
restricted to) an activated carboxyiic acid, iscthiocyanate. isocyanate, acyl aztde, alky! 
halide, acid hahde, N -hydroxy suceim mide ester, sulfony! chloride, aldehyde, ketone. 
25 epoxide, carbonate, imidoester, amide, carboxylase, or alkylphosphate, aryihalides 
(diiluoro-dmitrobenzene) or anhydrides. In other terms when function R5, RIO is an 
amine, then an aeyiating or alkylating agent can react with the amine. 

if functional group R5, RIO is a suifhydryl then R5, RIG can read with (but not 
30 restricted to) a haioacetyi derivative, activated carboxyiic acid, maieimide, aziridine 
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derivative, aciyloyl derivative, fluorobertzene derivatives, or disulfide derivative 
{such as a pyridyi disulfide ox S-thio-2-nitroi>8azoic acid lTNB} derivatives), 

If functional group R5, RIO is carboxylase then R5. RIO can react with (but not 
5 restricted to) a diazoacetate, alcohol, thiol or an amine once the acid has been 
activated. 

If functional group R5. RIO is an hydroxy! then R5, RIO can react with (but not 
restricted to) an activated earboxylie acid, epoxide, oxirane, or an amine in which 
1 0 carb<myldiirnxdazoie is used. 

If functional group R5 : RIO is an aldehyde or ketone then R5, RIO can react with (but 
not restricted to) an hydrazine, hydrazide derivative, amine (to form a Schiff Base that 
may or may not be subsequently reduced by reducing agents such as NaCNBHs), or a 
15 dio! to form an acetal or ketal. 

If functional group R5, RIO is activated carboxylic acid isotliiocyanate, isocyamUe, 
aw! azide, N-hydroxysuccinimide ester, suifonyi chloride, aldehyde, ketone, epoxide, 
carbonate, imtdoester, alkylphosphate, arylhalides (^iOuorOKiinitTobenzene), 
20 anhydride, alky! halide, or acid halide, p-mtrophenyS ester. o-rritrophenyl ester, 
pentachlorophenyl ester, pentalluorophenyl ester, carbonyi imidazole, carbonyi 
pyridinium. or carbonyi dimethyiarmnopyridiniurri. then R5, RIO can react with (but 
not restricted to) an amine, a hydroxy I. hydrazine, hydraside. or suifhydryi group. 

.25 If functional group R5, RIO an activated carboxylic acid, haloacetyl derivative, 
maleimide, azmdine derivative, aery by I derivafcve. fluorohenzene derivatives, or 
disulfide derivative (such as a pyridyi disulfide or 5-thio-2-nitrobenzotc acidlTNB} 
derivatives) then R5, RIO can react with (but not restricted to) a suifhydryi. 

30 If iu'i^ > nn„ or an amine m 

witch caxbonvidismidazole oi N. N'-disuccinirmdy! carbonate is used then R5. Rio 
can react with (but not restricted to) a hydroxy!. 
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If functional group R5. RIO is a hydrazine, hydrazide derivative, or amine (primary or 
secondary) then RS. RIO can react with (but not restricted to) an aldehyde or ketone 
(to form a Schiff Base that may or may not be reduced by reducing agents such as 
NaCN8H3). 



Additionally, a compound which contains a disulfide bond mat is connected directly 
to a heterocyclic ring. The heterocyclic ring may be aromatic, or aliphatic. The 
heterocyclic ring may contain 5 or more atoms of which 1 or more is aheteroatom (O. 
N, S, P}. and the rest being carbon atoms 



H is a heteroatom selected from the group including sulfur, oxygen, nitrogen, or 
phosphorus. R r R ? , R5-R7 are substiuents that may be selected from the group mat 
includes but is not limited, to OH. OR (an ether), NH 2 ,(aiso secondary^ tertiary, and 

i 5 quaternary amines), SOj*, COOH, COOR (an ester), CONH 2( CONR 2 (substituted 
amide), a halogen (F, CI, Br, 1), N0 2> CH? (or longer branched or straight chain, 
saturated, or unsaturated aliphatic group). The substitution pattern on the aromatic 
ring may be varied to alter the reduction potential of the disulfide bond. L is defined 
as a linker or spacer group that provides a connection between the disulfide and the 

20 reactive heterobifunctionai or homohifuncttonal groups. L may or may not he present 
and may he chosen from a group that includes alkanes. aJkenes. esters, ethers, 
let t heteroatoms such as oxygen, sul 

nitrogen. The spacer may be charge positive., charge negative, charge neutral, or 
zwittenomc. R« are reacti ve groups they may be identical as in a 

25 homofaii net > i tctton 1 1 cuie or different as in a heterobifunctionai 

btfunctionai molecule. In a preferred embodiment, the dtsuJiide compounds contain 
rcactn that can un icy lax t alkyla sch reactive 

groups include isotbiocynanate. ssecynanate. acyl azide. N-hy droxysuccinirnide 
esters, succinimide esters. st&Tonyl chl on de. aldehyde, epoxide, carbonate, imidosster. 
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carboxylase, alicylphosphate, aryihaiides <e g difiuoro-dmitrobenzene) or succinic 
anhydride. 

If functional group R4. RS is an amine to R4 t RS can react with (but not restricted 
5 to) an activated carboxylic acid, isothiocyanate. isocyanate, acyl aade, aikyi halide, 
i ilk N-byd 1a i n> e. ai de, ketone 

epoxide, carbonate, itrudoester. amide, carboxyiaie, or alkyi phosphate, arylhalides 
(tfifluoro-dmftrobenzene) or anhydrides. In other terms when function R4. RS is m 
amino, then an acylatmg or alkylating agent can react with the amine. 

10 

If functional group R4, RS is a sulfitydiyi then R4. R8 can react with, (but not 
restricted to) a haloacetyi derivative, activated carboxylic acid, maieimide. aaridine 
derivative, acryloyi derivai e e e or disulfide derivative 

(such as apyridyi disulfide or 5-thi o-2-nitrobenzotc scidfTNB} derivatives). 

15 

If functional group R4, R8 is carboxyiate theft R4, RS can react with (but not 
restricted to) a diazoacetate, alcohol, thiol or an amine once the acid has been 
activated. 

20 If functional group R4, R8 is an hydroxy! then R4. R8 can react with (but not 

restricted to) an activated earboxvtic acid, epoxide, oxirane. or an amine in which 
carbonyidiirnidazoie is used. 

If functional group R4. R8 is an aldehyde or ketone then R4. R8 can react with (but 
25 not restricted to) an hydrazine, hydrazide denvauve, amine (to form a SehtffBase that 
may or may not be subsequent < . s ( ( NBH } i, or a 

diol to form an acetal or ketai. 

If functional group R4, RS is activated carboxylic acid, isothiocyanate, isocyanate, 
30 acyi a; chloride, aldehyde, ketone, epoxide, 

carbonate inudoester. aik> ! ijriiliobenzene), 

anhydride, alkyl halide. or acid halide. p-niuophenyl ester, o-nitrophenyl ester, 
pentachiorophenyi ester, pemailuorophetty! ester, carbonyl imidazole, carbonyl 
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pyridimum, or carb< r 1 i ' i i u then R4 Rb- can react with (but 

not resmciei to) an ami te, a h or soiJhv dr, I group. 

if functional group R4, R8 an xtn ; . i z he acid, haloacetyi derivative, 
5 maleimide mt z 2 sorobenzene derivatives, or 

disulfide derivative (such as a pyndyl disulfide or 5~thio-2-mtrobenzojc acid (TNB) 
derivatives) then R4, RSs can react with (but not restricted to) a sui%dryi 

If functional group R4, R8 is art aldehyde, ketone, epoxide, oxirane, or an amine in 
10 which carhonyldiimidazole or N, N'-disuceuurnidyi carbonate is used then R4 5 R8 
can react with (but not restricted to) a hydroxy!. 

If functional group R4, R8 is a hydrant " d ■ > ie derivative, or amine (primal? or 
secondary) then R4, R8 can react with (but aot restricted to) an aldehyde or ketone (to 
1 5 form a Schiff Base dial may or may not be reduced by reducing agents such as 
NaCNBH3). 

Additionally, a compound which contains a disulfide bond that is connected directly 
to a ring sysfera(aromatic or non-aromatic) through one of the sulfur atoms and to a 
20 aliphatic carbon through the other sulfur atom. The cyclic ring may contain 5 or more 
atoms. 



RrR* are suhstiuents selected from the group that includes but is not limited to H, 
25 OH, OR (an ether). NH >.iatso secondary, ternary, and quaternary amines), SOj, 

COOH. COOR (an ester), CONH 5 , CON.R? (substituted amide), a halogen (F, CI, Br, 
Fi NO CHs (or long • 1 ! «rated. or unsatorated aliphatic 

group). The substitution partem on the aromatic ring may be varied to alter the 
reduction potential of the dt tl 1 R* are substroem ieeted from the 

30 group that includes but is not i iroi ted to M. OH, OR (an ether). NHi(aiso secondary. 
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ternary, and quaternary amines), SO/, COOH, COOR{a» ester), CONH 2 , COKR a 
•(substituted amide), a halogen (F. Ci. Sr, I), NO;.. CH 3 (or iongei branched or straight 
chain, saturated, or unsaturated aliphatic group). L is defined as a linker or spacer 
group that provides a connection between the disulfide and the reactive 
S heterahifunciiorial or homobsfimctionai groups. L may or may not be present and 
may be chosen from a group that includes aikanes. alkenes, esters, ethers, glycerol, 
amide, saccharides, polysaccharides, heteroatoms such as oxygen, sulfur, or nitrogen. 
The spacer may be charge positive, charge negative, charge neutral or jwitteriomc. 
Rs, and Rio are reactive groups that may he identical as in a homobifunctional 

10 bifuncttonal molecule, or different as in a heterobifuncttonal Afunctional molecule. 
In a preferred embodiment the disulfide compounds contain reactive groups that can 
undergo acyiation or alkyiauon reactions. Such reactive groups include 
isoihtocynanate, isocynanate, acyi axide, N-hydroxysuccinimide esters, succinimide 
esters, sulfonyi chloride, aldehyde, epoxide, carbonate, imidoester, carhcxyiate, 

IS alkylpfaosphate, arylhalides (e.g. diiluoro-dinitrobenzene) or succinic anhydride. 

If functional group R5, RIO is an amine then R5. RIO can react wife (but not 
restricted to) an activated carboxyUc acid, isothioeyanate, isocyanate, acyi aa'da, afityl 
halide. acid halide. N-hydroxv'succinimide ester, sulfonyi chloride, aldehyde, ketone, 
20 epoxide, carbonate, imidoester. amide, carboxyiate, or alkylpbosphate, arylhalides 
(difluoro-dtnttrobenaene) or anhydrides, in other terms when function R5, RIO is an 
amine, then an acylaiing or alkylating agent can react with the amine. 

If functional group RS, RIO ts asulfeydryl then R5, RIO can react with (but not 
25 restricted to) a haloaceiyi derivative, activated carboxylic acid, maietroide, aziridine 
derivative, acryioyl derivative 1 ned t <. < ifide den van 

(such as a pyridyl disulfide or 5-tliio-2-tiijiobemtoic acid{TNB} derivatives). 

If functional group R5. RIO is carboxyiate then R5, RIO can react with (but not 
30 re&tric 1 1 hiol or an amine once the acid has been 

activated. 



12 



wommm 



If functional group R5. RIO is an hydroxyl then R5. RIO can react with (but not 
restricted to) an activated carboxyrie a< id« exirone. or an amine in which 

carborn Idiimidazole ss used. 

5 Afunctional group 'R5, RIO ss an aldehyde or ketone than RS, RIO can react with (but 
not restricted to) an hydrazine, hydrazide derivative, amine (to form a SchitTBase that 
may or may not be subsequently reduced by reducing agents such as KaCNBHj), or a 
diol to form an aeetal or ketal. 

10 Afunctional group RS. RIO is activated carboxyiie acid, isotbiocyanaie, isocyanate, 
acyl azide. N-hydioxysuccininiide ester, suifonyi chloride, aldehyde, ketone, epoxide, 
carbonate, imidoester. alfcylphosphate, arylhaiides (diftuoro^irutrobenzene), 
anhydride, alky} halide, or acid haiide, p-nitrophertyi ester, o-mtrophenyl ester, 
pentachlorophenyi ester, pemafluorophersyi ester, carbonyi imidazole, carbonyi 

15 pyridinium, or carbonyi dimethylaminopyridtraum, then R5, RIO can react with (but 
not restricted to) an amine, a hydroxy], hydrazine, hydrazide or sulfhydjyl group. 

If functional group R5, RIO an activated carboxyiie acid, haloacetyi derivative, 
raaleimide aaiidin lent ative, acryloyl derivative fluorobenzene derivatives, or 
20 disulfide deri vati ve (such as a pyridyl disulfide or 5-thio-2-nitrobenzoic acidfTNB} 
derivatives) then RS, R5 0 can react with {but not restricted to) a sttifhydtyl 

If functional group RS. R}0 is an aldehyde, ketone, epoxide, oxnane, or an amine in 
which carbcmylditntidazoie or N, N'-$succinirnidyl carbonate is used, then R5. RIO 
25 can react with (but not restricted to) a hydroxy!. 

If functional group RS, RIO is a hydrazine, hydrazide derivative, or amine (primary or 
secondary ) then R5. RIO can react wish (but not restricted to) an aldehyde or ketone 
(to form a SchiffBase that may or may not be reduced by reducing agents such as 
30 HaCNBHs) 

Additional!) t conn cor ti ts connected directly 

to a heterocyclic ring system through one of the sulfur atoms and to a aliphatic carbon 
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through the other sulfur atom. The heter sin 5 or more atom<= t. f 

which 1 or more is a heteroatom (0. N, S, P) or combinations ofheteroaiom$, and the 
rest being carbon atoms. 



5 H is a. heteroatom selected from the group including sulfur, oxygen, nitrogen, or 
phosphorus. Where R t , R 2 , Rj, R 4 , Rs, R», R 7 , Rs ,Rp» RIO, Rl 1, RI2, R14- at least 
one of which is an electronegative atom or functionality such as OH, OR (an ether), 
NH; iaiso secondary, ternary, and quaternary amines), 80%\ COOH, COOR (an 
ester), CONH 2 , CO^ (substituted amide), a halogen <F, CI Br, 1), NO;. L is defined 

10 as a linker or spacer group that provides a connection between the disulfide and the 
reactive heterobifimeticnal or homobifunctional groups, At and R9. L may or may 
not be present and may be chosen from a group that includes alkanes, alkenes, 
alkynes. esters, ethers, glycerol, amide, urea, saccharides, polysaccharides, 
heietoatoms such as oxygen, sulfur, or nitrogen. The spacer may be charge positive. 

15 charge negative, charge neutral, or zwitterionic. A ( and R9 are reactive groups they 
may be identical as in a homohifuncuonal bifttncuonai molecule, or different as in a 
heierobtfunctional faifunctional molecule. In a preferred embodiment, the disulfide 
compounds contain reactive groups that can undergo acyiation or aJfcylation reactions. 
Such reactive groups include {but not limited to) isothfoeynanate, isocynanate. acy! 

20 aade, acid halide, O-aeyl urea, N-hydroxysuccmimide esters, succimmide esters, 
amide, urea, sulfonyi chloride, aldehyde, ketone, ether, epoxide, carbonate, alky] 
halide. imidoester, carboxylase, alky! phosphate, aryihalides (e.g. difluoro- 
dinttrobenzene) or anhydrides. 

25 If functional group A1.R9 is an amine then A] .119 can react with (but not restricted 
to) an activated carboxylic acid., isethiocyanate, tsocvanate. acyl azide. aikyl halide, 
acid halide. N-hydroxysuccitiinude ester, sulfonyi chloride, aldehyde, ketone, 
epoxide, carbonate, imidoester. amide, carboxylate. or alky! phosphate, aryihalides 




14 



WO 00/75162 



idifiuoro-dms benzene.) < anhydrides In omer terms when function A1,R9 is an 
amine 'hen an it i c the amine. 

If functional group A3 .R9 is a suSlhydryl then A i .R9 can react with (but not .restricted 
5 to)ahaioacetyI derivative, activated carboxyhc acid, maieimide, aziridine derivative, 
aery iovi derivative, fluorobenzene derivatives, or disulfide derivative (such as a 
pyridyl disulfide or 5- tht o-2-ni trobenzoic acid{TNB} derivatives). 

If functional group ALR9 is carhoxyiate then ALR9 can react with (but not restricted 
10 to) a diazoacetate, alcohol, thiol or an amine once the acid has been activated. 

if functional group A 1 .R.9 is an hydroxy! thai A 1 ,R9 can react with (but not restricted 
to) an activated carboxyhc add. epoxide, oxhane, or an amine in which 
carbonyldiimidaxole is used. 

15 

If functional group A1.R9 is an aldehyde or ketone dten A1,R9 can react with (but not 
restricted to) an hydrazine, hydrazide derivative, amine (to form a Setoff Base that 
niay or may not be subsequently reduced by reducing agents such as NaCNBHj), or a 
diol to form an acetat or fcetal. 

20 

I f functional group A3.R9 is activated carboxyhc acid, isothioeyanaie. isocyanate, 
acyl aride, N-hyd toxvsuccini mide ester, suifonyi chloride, aldehyde, ketone, epoxide, 
carbonate, imidoester. alkylphosphate, arylhaJide: ( li.fl uorc .i -nitrobenzene), 
anhydride ilb I i i icirf 1 ■ ; henyl ester o mtrophenyl ester, 
25 pratachlorophe - tfiuorophenyl ester, carbonyl imidazole, carbonyl 

pyridinium. or carbonyl dimethyiamioopyiidimum, then AI.R9 can react with (but 
not restricted to) an amine, a hydroxy! hydrazine, hydrazide. or suifhydryl group. 

If functional group U.R9at et derivative 

30 maieimtde. aziridine den van ve. aeryloyl derivative, fluorobenzene derivatives, or 
disulfide derivative (such as a pyndy I disulfide or 5 -thio-2-nitf ©benzoic acid{TNB} 
derivatives) then Al .R9 can reaci vvith (but not restricted to) a sulfhydryi. 
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If fun< ional < 1 irane oi in amine in 

which caxbonyidiimidazoie or N. N'-dtsuccsnimidyj carbonate is used, then ALR.9 can 
react with (but no; restricted to) a hydrcwgi 

5 If functional group A i .R9 ss a hydrazine, hydrazide derivative, or amine (primary or 
secondary) then A1JR9 can react with {but not restricted to) an aldehyde or ketone (to 
form a Schiff Base that may or may not be reduced by reducing agents such as 
NaCNBHj). 

10 Additionally, a compound which contains a disulfide bond that is connected directly 
to a heterocyclic ring system (aromatic or non-aromatic) through one of die sulfur 
atoms and to an aromatic ring system through the other suitor atom. The heterocyclic 
ring may contain 5 or more atoms of which I or more is a heteroatora (O, N, S, P) or 
combinations of heteroatoms. and the rest being carbon atoms. 



H is a heteroatom selected from die group including sulfur, oxygen, nitrogen, or 
phosphorus. Where R u R 2 , R 3( R«, R ?! R« , R J0> R u , R l2 , R tr at least one of 
which is an electronegative atom or functionality such as OH, OR (an ether), 
hM^aiso secondary, tertian', and quaternary amines), SO{, COOH. COOR (an 

20 ester), CONHj. CONRa {substituted amide), a halogen (F, CI Br, I), NO* L is defined 
as a linker or spacer group that provides a connection between the disulfide and the 
reactive heterobifunchonal or homobifunctional groups. R s and R». L may or may 
not be present and may he chosen from a group that includes alkanes, alkenes, 
alkynes. esters, ethers, glycerol., amide, urea, saccharides, polysaccharides, 

25 heteroatoms such as oxygen, sulfur, or nitrogen. The spacer maty be charge positive, 
charge negative, charge neutral, or zwmeriomc. R* and R } * are reactive groups they 
may be identical as in a homobifuncnonal bifunctional molecule, or different as m a 
heterohtftmcttonal hi functional molecule. In a preferred embodiment the disulfide 
compounds contain reactive groups that can undergo acyiation or alkyiation reacuons. 
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Sucp reacu s c \mn,ite acvl 

azide, acid haiide, O-aeyi urea, N-hydmxysuccinina4e esters, succtnimide esters, 
amide uret er enox de carbonate, alky! 

lalsd i u . >xyfaie. alkylphospha li si difluoro 
5 dinitrobenzene) or anhydrides. 

If functional group R9.R14 is an amine then R9.R34 can react with (hot not restricted 
to) an activated carboxyhc acid, ssothiocyanate, isocyanate, acyl aztde, aikyi haJide ? 
acid haiide, N-hydroxysuccmimide ester, suifonyl chloride, aldehyde, ketone, 
10 epoxide, carbon^e,. imidoester, amide, carboxylate. or alkylphosphate, arylhalides 
(diOuoro-diratrobenzene) or anhydrides, to other terras when function R9JR.I4 is an 
amine, then an acyianng or alkylating agent can react with the amine. 

If functional group R9.R14 is a suifhydryl then R9,R14 can react with (bxit not 
1 5 restricted to) a haioaeetyl derivative, activated carboxyhc acid, maieimMe, aaridine 
derivative, acryloyl derivative, tluorobenxene donvatives, or disulfide derivative 
(such as a pyridyi disulfide or 5-dao-2-«itrc*en20tc acidfTNB} derivatives). 

If functional group R9.R14 is carboxyiaie then R9,RI4 can react with (but not 
20' restricted to) a diazoaceiate. alcohol, thiol or an amine once the acid has been 
activated. 

If functional group R9JRJ4 is an hydroxy! then R9JR 14 can react with (but not 
restricted to.i an activated carboxyhc acid, epoxide, oxirane. or an amine in which 
25 carbanyidiimidazoie \s used. 

If functional group R9.R14 is an aldehyde or ketone then R9,R14 can react with (but 
not restricted to) an hydrazine, hydroxide derivative, amiae fto form a SchifXBase that 
may or may not be subsequently reduced by reducing agents such as NaCNBH3), or a 
30 diol to form an acetal or ketal. 

If functional group R9 R)4 is activated carboxyhc acid, isotinocyanate, ssoeyanate, 
acyi aztde. H -hydroxy succinirnide ester ilfom ori.de ieh\ de. ketone, epoxide, 
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carbonate, i mi do ester, alkylphosphate. aryihalides (difluoro-dinitrobenzene), 
anhydride, aikv! haii ie n cid haisdt: r r > u phenyl est Hiitrophenyi ester, 
pentaehiorophenyl ester, peniaOuorophenyi ester, carbonyl imidazole, cartway! 
pyridinium or earbonyl mmethylaffimopyriditisum, then .R9.R14 can react with (but 
not restricted to) m amine, a hydroxy!, hydrazine, hydrazide. or salmydryl group. 

If functional group R9JU4 an activated carboxylic acid, haloacetyi derivative, 
maleimxde, aziridme derivative, aeryioyl derivative, fiuorobenzene derivatives, or 
disulfide derivative (such as a p i tb trobenzoic acid|TNB} 

derivatives) then R9.R14 can react with {but not restricted to) a suifhydryi. 

If functional group R9.R14 is an aldehyde, ketone, epoxide, oxtrane, or an amine in 
which carbonyidiimidazole erN, N-disuccinimidyl carbonate ss used, then R9,R14 
cati react with {but not restricted to) a. hydroxy! 

If functional group R9.R14 is a hydrazine, hydroxide derivative, or amine {primary or 
secondary) then R9.R14 can react with (but not restricted to) an aldehyde or ketone 
(to ibrni a SchiffBase that may or may not be reduced by reducing agents such as 
NaCNBH3). 

Detailed Description 

Counterintuitive to previous efforts to synthesize bifunctionai molecules with stabile 
disulfides, the object of the current invention is to synthesize labile disulfide 
molecules. In vivo, disulfides are primarily reduced by the cysteine-based thiol 
-in i 1 hich is | t i molar concentrations in 

the cell. To increase the lability of the disulfide bond in a bifunctionai molecule and 
its construct, we have synthesized several disulfide bond-containing bifunctionai 
molecules that are more rapidly reduced than oxidized glutathione. 

l>i ujj'ite h tnd < tit unit s L J fJ v rn , n <, nja.u > 

• in ii i j tng e;ti no or heterol if zi t din c >m 

referred to as crossiinkers). are used to connect two molecules together. "The disulfide 
linkage {RSSin may be used within bifunctionai molecules. The reversibility of 



18 



WO 00/75 m 



PCT/USGfl/15652 



disulfide bond formation makes them useful tools for the transient attachment of two 
molecules Physiologically, disulfides are reduced by glutathione. 

A disulfide bond that is labile under physiological conditions means: the disulfide 
5 bond is cleaved more rapidly than oxidized glutathione or any disulfide constructed 
from thiols in which one of the constituent thiols is more acidic* lower pKa, than 
glutathione or is activated by intramolecular attack by a free thiol. Constituent in this 
case means the thiols diat are bonded together in the disulfide bond. Cleavable means 
that a chemical bond between atoms is broken. 

10 

The present invention describes physiologically labile disulfide bond containing 
bifunctional molecules. The present invention is also meant to mclude constructs 
prepared from the I , polymers, peptides, proteins, 

nucleic acids, polymer nucleic acid complexes. Construct means any compound 

15 resulting from the chemical reaction of at least one of the reactive centers of the 
biruncnonal molecule resulting in new chemical bond other that that resulting from 
hydrolysis of both reactive centers of the bifunetional molecule. Further chemical 
modification may occur after the formation of the construct. Crosslinking refers to 
the chemical attachment of two or more molecules with a bifunctional reagent, A 

20 bifunchonal reagent is a molecule with two reactive ends. The reactive ends can be 
identical as in a homobifuneuonai molecule, or different as in a heterobifunctionai 
molecule 

Po lymers 

25 A polymer is a molecule buiit up by repetitive bonding together of smaller units called 
monomers. In this application the term polymer includes both oligomers which have 
two to about 80 monomers and polymers having more than 80 monomers. "The 
polymer can he linear, branched network, star, comb, or ladder types of polymer. The 
polymer can be a homopoiymer in which a single monomer is used or can be 

30 copolymer in which two or more monomers are used. Types of copolymers include 
alternating, random block and graft. 

To those skilled in the art of polymerization, there are several categories of 
.polymerization processes thai can be .utilized in the described process. The 
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polymerization ^an be chain orstep This >tion is more otten used 

that the previoi ;r » d condensation polymer, "Most :step- 

reactton polymerizations are condensation processes and most chain^eacnon 
poiymenzations are addition processes" (M. P. Stevens Polymer Chemistry: An 
5 Introduction New York Oxford University- Press 1 990). Template potymerizatton can 
be used to form polv mers fron i oh mers 

Step Polymerization: in step polymerization, the polymerization occurs m a stepwise 
fashion. Polymer growth occurs by reaction between monomers, oligomers and 
10 polymers No initiator is needed Since there is the same reaction throughout and ihere 
is no termination step so that the end groups are still reactive The polymerization rate 
decreases as the functional groups are consumed. 

Typically, step polymerization is done either of two different ways. One way, the 
15 monomer has both reactive functional groups (A and B) in the same molecule so that 
A-B yields -[A-Bj-Or the other approach is to have two bsfunetionai monomers. 
A-A * B-B yields -[A-A-B-BJ-Generally, these reactions can involve acyiation or 
alkylatton Acyiation is defined as the introduction of an acyi group (-CO.R) onto a 
molecule. Aikyiation is defined as the introduction of an alky 1 group onto a molecule. 
20 If functional group A is an amine then B can be (but not restricted to) an 

isomlocyanate. tsocyanate, acyl azide. N~hydroxysucctnimide. sulfonyl chloride, 
aldehyde (including formaldehyde and giutaraldehyde). ketone, epoxide, carbonate, 
smidoester, carboxylate activated with a carbodiimide. alkylphosphate. arylhaiides 
(difluoro-dinitrobenzene}. anhydride, or acid halide. p-nitrophenvi ester, o- 
25 niiiophenyl ester, pentacMorophenyl ester, pentaOuorophenyl ester, carbonyi 

imidazole tab ! } imtun v tl • it* ammop idintum. In other terras 
when function A is an amine then function B can be acylating or alkylating agent or 
aminaiion agent 

If functional group A is a sulmydryl then function B cat) be (bin not restricted to) an 
30 lodoacetyi derivative, maietmide. aziridme derivative, aery by I derivative. 

ftuorobenzene derivatives, or disulfide derivative (such as a pyndyl disulfide or 5- 
thio-2-mtrobenzok acid{TNB} derivatives). 
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if functional group A is carboxyiate (hers function B can be (but not restricted to) a 
diazoacetate or an amine in which a carbodiiraide is used Other additives may be 
utilized such as cart 1 .-;! m> iazoh limed U n > pyridine (DMA?). N~ 
hydroxysuceioimide or alcohol using carbodiimide and DMAP 
5 If functional group A is an hydroxy! then function B can be (but not restricted to) an 
epoxide, oxirane, or an amine m which carl > diimidazole or K N-disueanimidyl 
carbonate, or N-hydroxysuceinimsdyi ehloroforrnate or other ehloroformates are used, 
if functional group A is an aldehy de or ketone then function B can be (but not 
restricted to) an hydrazine, hydrazide derivative, amine (to form a Schiff Base that 
i 0' may or may not be reduced by reducing agents such as NaCNBH3 ) or hydroxy! 
compound to form a ketal or aceial. 

Yet anodier approach is to have one Afunctional monomer so that A-A plus another 
agent yields ~\ A-AJ-. 

1 5 If function A is a sulfbydiyl group then it can be converted to disulfide bonds by 
oxidizing agents such as iodine {12 ) or NaKM (sodium periodateX or oxygen (02 ). 
Function A can also be an amine thai is converted to a suifhydryi group by reaction 
with 2-lrninothioiate (Tram's reagent.) which then undergoes oxidation and disulfide 
formation. Disulfide derivatives (such as a pyridyl disulfide or 5-thjo-2~nitrobenzoic 

20 actd|TNB) derivatives) can also be used to cits:-, -e disulfide bond formation. 

Functional group A ot B in any of die above, examples could also be a photo-reactive 
group such as aryi azide (including haiogenated aryi aside), diazo , benzophenone, 
aikyne or diazirine deri\ alive. 

25 Reactions of the amine, hydroxy! suifhydryi carboxylate groups yield chemical 
bonds that are described as amide, amidine. disulfide, ethers, esters, enamine. imkte. 
urea isothiot i i t carbarnat lamme bond (secondary 

amirtel carbon-nitrogen single bonds in which the carbon contains a hydroxy! group, 
thioether, diol, hydrazone. diazo. orsulfone. 

30 

Chain Polymerization. In cham- reaction polymerization growth of me polymer occurs 
by successive addition of monomer units to limited number of growing chains. The 
initiation and propagation mechanisms are different atid there is usuaiiy a chain - 
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terminajing s:ep The poh nic mi nt; remains constant until the monomer is 
depleted. 

Monomer < 1 acryiate methacryiate aerySamide, 

memacrylamide groups cats tstdergo cha ■ hich can be radical anionic , or 

5 x> . ' ti polymt ti maJ >e a compbshed cycle or ring ipsmn 
polymerization. Se^ er t] iif! srent a pes of free radical initiators could be used that 
include peroxides,, hydroxy peroxides, and azo compounds such as 2 ? 2'~Azobis{- 
airadinopropaae} dihydrochloride tAAP). 




A wide variety of monomers can be used in the polymerization processes. These 
include positive charged organic monomers such as amine sails, imidine, guanidine, 
imine, hydroxyiamine hydrozyine. heterocycle (salts) like imidazole, pyridine, 
morphoiine, pvrimidine. or pyrene. The amines could he pH~sensi«ve m that the pKa 
15 of me amine is within the physiologic range of 4 to 8. Specific amines include 

spermine, spermidine, N\N^is(2-aminoethylH .3-propanediamine (AEPD), and 3,3 - 
Diammo-N : N-dimeihyidtpropylan«nonium bromide, 

Monomers can also be hydrophobic, ■ hydrophilic or amphipathic. Ampriipathie 
20 compounds have both hydrophibc (water-soluble) and hydrophobic (water-insoluble) 
parts. Hydrophilic groups indicate in qualitati ve terms that the chemical moiety is 
water-preferring Typically, such chemical groups are water soluble, and are hydrogen 
bond donors or acceptors with water. Examples of hydrophilic groups include 
compounds with the following chemical moieties; carbohydrates, polyoxyethylene, 
25 peptides, oligonucleotides and groups containing amines, amides, aifcoxy amides, 
carboxyHc acids, sulfur*, or hydroxyis. Hydrophobic groups indicate in qualitative 
terms that tin c i i t y nt i u n ical groups are 

not water soluble, aid tend not to hydrogen bonds Hydrocarbons are hydrophobic 
groups. 

30 

dor mers can also be mterea u . tgent s ct a acndine thiazole orutnge. or 
ethidium bromide Monomers can also contain chemical moieties that can be modified 
before or afte s • s amines (pnman-, 




WO 68/75162 



PCT/CS08/tS652 



scondary, and i I ami rb xyitc 2 stei iroxy.1, b in me aik\ 
haiide. aldehyde. , and ketone 

IT » i I < ! 1 i c r t f 

The polymers have other groups *hat increase their utility. These groups can be 
incorporated into monomers prior so polymer formation or attached to the polymer 
after its formation. These groups include: targeting groups, signals, reporter or marker 
molecules, spacers, steric stabilisers, chelators, poiycations, polyanions, and 
polymers. 



Targeting groups are used for i 
specific ceils or tissues Exam 
asialoglycoprotein receptor by 
Proteins such as insulin. EOF. 
to a molecule made up of 2 or ; 
peptide bonds between the aipl 
amino acid residues as in a pel; 
or synthetic. Peptides that inch 
Peptide refers to a linear series 
peptide bonds between the alpi 



rgetin e p vmer-nueleic acid complexes to 
lies of targeting agents include agents that target to the 
jssng asioioglycoproteins or galactose residues. 
>r transferrin can. be used for targeting. Protein refers 
iiore amtno acid residues connected one to another by 
a-amino group and carboxyl group of contiguous 
pe[ fide The ammo acids may be naturally occurring 
de the RGD sequence can bo used to target many cells, 
of amino act d residue c< mected to one another by 
a-amino group and carboxy l group of contiguous 



amino acid residues. Polypeptide includes proteins and peptides, modified proteins 
and peptides, and n n natural p v >. and peptides. 



Chemical groups that reac 
25 used tc urge tany types of eel 



iff \ dryit on< ells c m also he 

is. Folate and other vitamins can also he used for 



targeting. Other targeting groups include molecules that interact with membranes such 
as fatty acids, cholesterol, dansyl compounds, and amphotericin derivatives. 



Other targeting groups can be used to increase the delivery of the drug or nucleic acid 
30 to certain pans of the cell. For example, agents can be used to disrupt endosomes and 
a nucleai et the nucleus V ar<et\ > 

ligands have been used to target drugs and genes to cells and to specific cellular 
receptors The iigami may seek a target within the cell membrane, on the ceil 
membrane or near a ceil Binding ofltaands to receptors typically initiates 



23 



WO 00,15162 



H I Vsm L5652 



endocytosis Ligands could als< i.< i> x lei - »h ,t hmd to receptors that 
are not endocytosed. For exampis peptid c on i n ng RGD peptide sequence thai 
bsnd imegmi receptor could be used. In addition viral proteins could be used to bind 
the complex to cells. Lipids and steroids could be used to directly insert a complex 
5 into cellular membranes. The polymers can also contain cleavable groups within 

themselves. When attached to the targeting group, cleavage leads to reduce interaction 
between the complex and the receptor for the targeting group, Cleavable groups 
include but are not restricted to disulfide bonds, diols. diazo bonds, ester bonds, 
suifone bonds, acetais, ketais, eaol ethers, enoi esters, enammes and imines, acyl 
10 hydrazones, and Schiff bases. 

In a preferred embodiment, a chemical reaction can be used to attach a signal to a 
nucleic acid complex rhe ign ii peeiftcatian as a molecule that 

modifies the nucleic acid complex and can direct it to a cell location (such as tissue 
15 cells) or location in a cell (such as the nucleus) either in culture or in a whole 
organism. By modifying the cellular or tissue location of the foreign gene, the 
expression of the foreign gene can be enhanced 

The signal can be a protein, peptide, lipid, steroid, sugar, carbohydrate, nucleic acid or 
20 synthetic compound. The signals enhance cellular binding to receptors, cytoplasmic 
transport to the nucleus and nuclear entry or release from endosomes or other 
intracellular vesicles 

Nuclear localizing signals eah - Jt ug of the gene into proximity of the 

25 nucleus an&'or its emry into the nucleus. Such nuclear transport signals can be a 
protein or a peptide such as the SV40 large T ag NLS or the nucleoplasm^ NLS. 
These nueieat locah - gnais in eract with a variety of nuclear transport factors 
such as the NLS i r erin a s» f i isn interacts Mtfa fcaryopherm 

beta. Hie nuclear trans} n pr >re ns themselves could also function as NLS's since 
30 they are targeted to the nuclear pore and nucleus. 

Signals that enhance release from u u ■ silui .< - m lartmenfs udeasmg signals) can 
cause D\ \ elease ir n mtrtux iar com tt such as endosomes (early and 
late), lysosomes. phagosomes, vesicle, endoplasmic reticulum, goigi apparatus, trans 
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golgi neu <K X acoj i tenet Release neludes movement out of 

an intracellular compartment into cytoplasm or into an organelle such as the ..nucleus. 
Releasing signals include chemicals such as ehloroquine. hafilomycm or Brefeldin Al 
and the ER-retaimng signal (KDEL sequence), viral compooems such as influenza 

5 virus hemagglutinin subumt HA-2 peptides and other types of amphipathic peptides 
Cellular recept « F u m :nai that enhances the association of tiie gene or 
patticie with a cell. This can be accomplished by either increasing the binding of the 
gene to the ceil surface and/or its association with an intracellular compartment, for 
example: ligands mat enhance endocytosis by enhancing binding the ceil surface. This 

1 0 includes agents that target to the asialoglycoprotetn receptor by using 

asiologiycoprotems or galactose residues. Other proteins such as insulin, EGF, or 
transferrin can he used for targeting. Peptides that include the .ROD sequence can be 
used to target many ceils Chemical groups that react with suifhydryl or disulfide 
groups on ceils can also be used to target many types of cells. Folate and other 

15 vitamins can also be used for targeting. Other targeting groups include molecules that 
interact with membranes such as lipids fatty acids, cholesterol, dansyl compounds, 
and amphotericin derivatives. In addition viral proteins could be used to bind cells. 

Reporter or marker molecules are compounds mat can be easily detected. Typically 
20. they are fluorescent compounds such as fluorescein, rhod&mine, Texas red, cy 5, cy 3 
or daisy! compounds. They can be molecules that can be detected by UV or visible 
spectroscopy or by antibody interat hon or I ■'• electron spin resonance. Biotin is 
another reporter molecule that can he detected by labeled avidm Biotin could also be 
used to attach targeting groups. 

25 

A spacer is any linker known to those skilled m the art to enable one to join one 
moiets to ant ■ ■ : r hydrophobic Preferred 

spacer groups include, but are not limited to CI-CI2 alky I, CI -CI 2 aikenyl C1-C12 
aikynyi, C6-CI8 aralkyl, C6-CI8 aralkenyi. Co-CIS araikynyl. ester, ether, ketone, 
30 alcohol, polyol. amide, amine, polygiycol, polyamine. thiol Ihm ether, thioester. 
phosphorous containing, and heterocyclic 

A Steric stabilizer is a long cham hydxophilic group that prevents aggregation of final 
pol en e ! c!e electrostatic » eract on I mpie 
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include: alkyj groups. PEG chains, polysaccharides, hydrogen molecutes. alkyl 
amines Elec < t association of two or mors 

substances due to attracth a forces bet u. sen ■ live an negative ch jug - 

5 A poiyeation is a poly me comait net j tt 1 rge, for example poiy-L -lysine 
hydrobromide. The poiyeation can contain monomer units that are charge positive, 
charge neutral, or charge negative, however, the net charge of the polymer must be 
positive A poiyeation also cart mean a non-polymeric molecule that contains two or 
more positive charges. A poly anion is a polymer containing a net negative charge, for 

10 example poly glutamic acid. The poiyamon am contain monomer units that are charge 
negative, charge neutral, or charge positive, however, the net charge on the polymer 
must be negative. A polyanion can also mean a non-polymeric molecule that contains 
two or more negative charges. The term polyion includes poiyeation, polyanion, 
zwitteriomc polymers, and neutral polymers. The term zwhterioriic refers to the 

1 5 product (salt) of the reaction between an acidic group and a basic group that are part 
of the same molecule. 

Salts are ionic compounds that dissociate into cations and anions when dissolved k 
solution. Salts increase the sonic strength of a solution, and consequently decrease 
interactions between nucleic acids with other cations. 

20 

A chelator is a poly dentate hgand, a molecule that can occupy more than one site in 
die coordination sphere of an ion. particularly a metal ion, primary amine, or single 
proton. Examples of chelators include crown ethers, cryptates. and non-cyclic 
poiydentate molecules. A crown ether is a cyclic polyester containing t-X~(CR5- 

25 2).o)m units, where n - 1 -3 and m » 3-8. The X and CR1-2 moieties can be 

substituted )r at a tTerer.t oxid ion state X cats he i c> gen, nitrogen, or sulfur, 
carbon, phosphorous or any combination thereof. R can he H, C. O, S, M, P. A subset 
of crown ethers described as a eryptate contain a second (~X-(CRl«2)n)z strand where 
2=3-8. The beginning X atom of the strand is an X atom m the {-X»{CRT2)n)m unit, 

30 and me terminal CM2 of the new strand is bonded to a second X atom in the f-X- 
(CRl-2}n)m unit Non-cyclic poiydsntate molecules containing {-X-(CR!-2)n}m 
unstfs). where n * I -4 arid m - 1-8. The X and CR1-2 moieties can be substituted, or 
at a different oxidation states. X can be oxygen, nitrogen, or sulfur, carbon, 
phosphorous or any combination thereof A poly chelator is a polymer associated with 
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a plurality of chelators by an sonic or covalem bond and can include a spacer. The 
polymer can be canonic, anionic, xwmenomc. neutral, or contam any combination of 
cattonic a « 1 ing catiomc, 

i' ' i j 1 i i f , I, tti ial 

5 amphspathie compound for the format- or, of mice! tar. reverse mieeiiar, or unilamellar 
structures. Preferably the amphtpathic compound can have a hydrophilic segment that 
is catiomc anionic, or zwittenonic. and can contain polymerizabie groups, and a 
hydrophobic segment :hat can contain a polymerizabie group. 

10 The present invention provides for the transfer of polynucleotides, and biologically 
active compounds into parenchymal ceils within tissues in situ and in vivo, utilizing 
disulfide bonds that can be cleaved under \ \v \ <k \ al condidnons, and delivered 
intravascular}- (O S patent application serial number 08/5? L 536), mtrarterialiy, 
intravenous, oral ! . intraduodenaiy, \ sa the jejunum (or ileum or colon), .rectally, 

15 transdermal ly, subcutaneous!)-', intramuscularly, imraperiionealiy, intraparemeraily : 
via direct injections into tissues such as the liver, lung, heart, muscle, spleen, 
pancreas >lion hmph nodes, 

lymphatic system, adipose tissues, thryoid tissue, adrenal glands, kidneys, prostate, 
blood cells, bone marrow cells, cancer ceils, tumors, eye retina, via the bile duct, or 

20 vja mucosal membranes such as in die mouth, nose, throat, vagina or rectum or into 
ducts of the salivary or other exocrine glands, 

"Delivered" means that the polynucleotide becomes associated with the cell. The 
polynucleotide can be on the membrane of the cell or inside the cytoplasm, nucleus, 

25 or other organelle of the cell. The process of delivering a polynucleotide to a ceil has 
been commonly termed "transfectiom or the process of "tmnsfecting" and also it has 
been termed "transformation". The poh nucleotide could be used to produce a change 
in a cell that can be therapeutic. The delivery of polynucleotides or genetic material 
for therapeutic and research purposes is commonly called "gene therapy". The 

30 polynucleotides or genetic material being delivered are generally mixed with 
transferors reagents prior to delivery. 

A biologically active compound is a compound having the potential to react with 
biological components More particularly, biologically active compounds utilized in 
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this specift cab t - « iturai processes associated with a living 

call. For purposes of this specification, a cellular narurai process is a process that is 
associated with a c i > ogtcaii; - sue compound In this 

specification, the cellular production of, or inhibition of a material, such as a protein, 
5 caused by a human agisting a molecule to an in vivo cell is an example of a delivered 
biologically active compound Pharmaceuticals, protems, peptides, polypeptides, 
hormones, cytokines, antigens, viruses, oligonucleotides, and nucleic adds are 
e of bit gtca ictive compounds Bioactive compounds ma> ! be used 

interchangeably with biologically active compound for purposes of this application. 

10 

The term "nucleic acid" is a term of art that refers to a polymer containing at least two 
nucleotides •"Nucleotides" contain a sugar deoxyribose {DNA} or ribose (RNAX a 
base, and a phosphate group. Nucleotides are linked together through the phosphate 
groups. "Bases" include purines and pyrimidines, which further include natural 

15 compounds adenine, thymine, guanine, cytosme. uracil, inosine. and synthetic 
derivatives of purines and pyrimidines. or natural analogs. Nucleotides are the 
monomenc units of nucleic acid polymers, A "polynucleotide" is distinguished here 
from an '"oligonucleotide" by containing more than 80 monomeric units; 
oligonucleotides contain from 2 to 80 nucleotides. The term nuclei acid includes 

20 deoxyribonucleic acid (DMA) and ribonucleic acid (RNA), DNA may be in the form 
of anti-sense, piasmid DNA, pans of a piasmid DNA. vectors fPl , PAG, BAC, YAC, 
artificial chromosomes), expression cassettes, chimeric sequences, chromosomal 
DNA. or derivatives of these groups. RNA may be in the form of oligonucleotide 
RNA, tRNA (transfer RNA), snRNA (small nuclear RNA), rRNA (rsbosonial RNA), 

25 mRNA (messenger RNA). anti-sense RNA. ribozymes. chimeric sequences, or 

derivatives of these groups. "Anti-sense" is a polynucleotide that interferes with the 
function of DNA and or RNA This may result in suppression of expression. Natural 
nucleic acic ; ^ ^ ::e backbone, arttfical nudetc acids max- contain other 

types of backbones mid bases. These include PNAs (peptide nucleic acids), 

30 phosphothionates, and other variants of the phosphate backbone of native nucleic 
acids. In addition, DNA and RNA may be single, double, triple, or quadruple 
stranded. "Expression cassette" refers to a natural or recombmantiy produced 
polynucleotide molecule which is capable of expressing proteints), A DNA 
expression ca e«et> c ly include a promote tallowm tran pti nin iat a 
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and a sequence encodm;: oris or more proteins. Optionally, the expression cassette 
< ^ r - l | i> que ns .t<r i 

transcription termination signal and f <. insscnart An RNA expression 

cassette hp cli i * t < c lowing translation 

.5 initiation), and a sequence encoding one or more proteins. Optionally, the expression 
cassette may include translation termination signals, a poSyadenosise sequence, 
interna! ribosome entry sues (IRES), and non-coding sequences 

The term "naked poiy nucleotides" indicates that the polynucleotides are not 

10 associated with a transfection reagent or other delivery vehicle that is required for the 
poiynuckvti edto i jseieceii ^ ' ttansfection reagent" or 

"deliver)-' vehicle" is a compound or compounds used in the prior art that bindfs) to or 
compiex{es) with oligonucleotides or polynucleotides, and mediates then entry into 
ceils The trans! tiot igem also mediates the binding and internalization of 

15 polynucleotides into cells. Example of transfection reagents include canonic 

liposomes - i.wii phosphate precipitates, histone proteins, 

poiyelhylenimina, and poiyiysine complexes (poiyethyiemmine and poiy lysine are 
both toxic) Typical h . the transfection reagent has a net positive charge that binds to 
the polynucleotide s negative charge. The transfection reagent mediates binding of 

20 polynucleotides to cell via its positive charge (that hinds to the cell membrane's 

negative charge) or via iigands that bind to receptors in the cell. For example, canonic 
liposome 5 ; < . - arges that enable them to bind 

to DNA of RNA. Other delivery vehicles are also used, m (he prior an, to transfer 
genes into ceils. These include completing the;pQ.h , nucleotides on particles that are 

25 then accelerated into the ceil. This is termed "bioltstic" or "gun" techniques. 

Ionic {electa c) ime union e is tot patent assoaati on of two or more 
suixwmec 1 auc to atu utve charges oj partial 

positive and partial negative charges. 

30 

Condensed Nucleic Acids; A method of condensing a polymer is defined as 

isit near la t lied om? i ndensmg a polymer also 
means decreasing the volume that the polymer occupies. An example of condensing 
nucleic ac d s the conden i - t DN \ that occui in ceils The DNA from a human 
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cell is approxi mateiy one meter is length bus is condensed to fit in a cell nucleus that 
has a diameter ot appr » e microns The cells condense for compacts) DNA 
bv a series o t k ci irn tng die histones arid other chromosomal 

proteins to form nucieosomes and chromatin. The DNA within these structures is 

5 rendered partially resistant to nuclease DNasei action- The process of condensing 
polymers cm be used for del j into cells of a gantsm A delivered 

polymer can s a> within the cyt u c an from the endogenous generic 
material. Alternatively, the polymer could recon m a part oft the 

endogenous genetic material For example, DMA can insert into chromosomal DNA 

i 0 by either homologous or nonhomologous recombination 

Intravascular: An intravascular route of administration enables a polymer or 
polynucleotide to be delivered to ceils more evenly distributed and more efficiently 
expressed than direct injections. Intravascular herein means within a tubular structure 

1 5 called a vessel that is connected to a tissue or organ within the body. Within the cavity 
of the tubular structure., a bodily fluid flows to or from the body part Example of 

d h 1 fluid a> fud 

arteries, arterioles, capillaries, venules;, sinusoids, veins, lymphatics, and bile ducts, 
The intravascular route includes delivery through the blood vessels such as an artery 

20 or a vein. 

An administration tout" - 1 emuc - ti membianes is meant to include nasal, 
bronchial, inhalation into the lungs, or via the eyes. 

Buffers are made from a weak acid or weak base and their salts. Buffer solutions 
25 resist changes in pH when additional acid or base is added to the solution. Biological, 

chemical or bioche J tea i fsrraa clea e of ionic and 

vale ' cuie re i epud< sins, ensr> > T> 

polynucleotides oligonucleotide viruse mtigen arb< " d atss (and conjugates). 

lipids, and saccharides. Enzymes are proteins evolved by the cells of living 
30 organisms for the specific function of catalyzing chemical reactions. A chemical 

reaction is defined as the formation or cleavage of covaient or ionic bonds. As a result 
> 1 - v i- i i I »t I > i t * fine 

& «npou it - ers. A mor omer is a compound thai can 

be attached so bselt or another t oomet and thu a ft no a polymer 
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Traisdermal refers to application to mamina! skin in whsch drug delivery occurs by 
crossing the dermal layer. 

5 Hydrocarbon means containing carbon and hydrogen atoms; and haiohydrocarbon 
means comammg carbon, halogen (F. CL Br, l). and hydrogen atoms, 

Alkyl metms containing sp hybt i i ca n atoms, alfceml means containing two 
or more sp" hybridized carbon atoms; aldfcynyl means containing two or more sp 

10 hybridized carbon atoms; araifcyi means containing one or more aromatic ringls) In 
addition containing sp J hybridized carbon atoms; araikenyt means containing one or 
more aromatic nng(s) in addition to containing two or more sp 2 hybridized carbon 
atoms: aralkynyl means containing one or more aromatic ring(s) in addition to 
containing two or more sp hybridized carbon atoms; steroid includes natural and 

15 unnatural steroids and steroid derivative:;. 

A steroid derivative means a sterol a sterol in which the hydroxyl tsmty has been 
modified (for example, acvfated). or asteroid hormone, or an analog thereof. 

20 Carhotn j k 'ude natural and unnatural sugars (for example glucose), and sugar 
derivatives (a sugar derivative means a system in which one or more of the hydroxy! 
groups on the sugar moiety has been modified (for example aeytoed), or a system »» 
which one or more of the hydroxy! groups is not present). 

25 Poiyoxyetr* lene means a poiymer having two to six {n-2-3000} ethylene oxide units 
MCH 2 CH?0) R ..) or a derivative thereof. 

R is meant to be any compatible group, for example hydrogen, aUcyl. alkenyl alkynyl 
araikyl araikenyi. or aralkynyl arid can include heteroatoms iX O. S). and earbonyl 
30 groups. 

A compound is a material made up of two or more elements. 
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Electron wi ca iroup or atom composed of 

electronegative atom(s), that is atoms that tend to attract electrons. Resonance 
stabilization >s the ability to d i ; tipie atoms through pi bonds. 

The inductive effective, in a molecule, is a shift of electron density doe to the 
5 polarization of a bond by a nearby electronegative or electropositive atom, 

Steric hindrance, or sterics. is the prevention or retardation of a chemical reaction 
because 1 1 g|;i oi ne moiecu 

1 0 An activated earboxy late is a carboxyhc acid derivative that reacts -with nucieophiies 
to form a new covalent bona Nucieophiies include nitrogen, oxygen and sulfur- 
containing compounds to produce ureas, amides, carbonates, esters, and Ihioesters. 
The carboxylic acid may he activated by various including carbodiimides, 
carbonates, phosphoniutm. uroni urns to produce activated carboxylases acyl ureas, 

1 S acylphosphonates, and carbonate. Activation of carboxyJic acid may be used in 
conjunction with hydroxy and amine-c t i t mpounds to produce activated 
carboxyiates N-hydroxysuccintmide esters, hydroxybeazotriazole esters. N-hydroxy- 
5-norbomene-endo-23-diearhoximide esters, p-nitrophenyl esters, pentafluorophenyl 
esters, 4-dimethyiamioopyridinium amides, and acyl imidazoles. 

20 

A nude ^ h i h sites, such a 

unshared pair of electrons b rpi :!ectn is 

Examples 

25 

Example 1 : Synthesis of 5.5'-Duhiobis<2-r;itroben/.oafe)propion!trile 

5,5'-dithiobis< 2-ni trobenzoic acid) (500 mg f l 26 mmoi. Aidnch Chemical Company) 
was taken up in 4 0 mL dioxane. Dicyiohexy icarbodi imi de {540 mg, 2.6 ramol, 
30 Aidnch Chemical Company > and 3 -hydroxy propionttriie (240 uL, 188 mg, 2,60 
mraol, Aidnch Chemical Company f were added The reaction mixture was stirred 
overnight - i i igation and 

the solvent concentrated under reduced pressure. 'Hie residue was washed with 
saturated sodium bicarbonate, «ate». and brine: and dried over magnesium sulfate. 
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Solvent rertx asp am. The residue was 

i d . * 0 » -t econosil 250 x 22 nm) ; flow me ~ 9.0 

niirntn, mobile phase = ! % ethanoi in chloroform, retention nme = 13 mia. 
< iro jya 1 taspirat u * s i of dithiobts(2 

5 mirob't - titrilda tyeilow* i fLCl ihca 5 % methanol in chloroform; 
Rf « 0.51). H'NMR 3.05 (d. 4 H), 7.75 (m. 4H) : 4.55 (t ; 4H). 2.85 (t 4H>, 

Example 2 : Synthesis of Dimethyl 5 5 5'-diihiobis(2-niU'ob^2oate>propi<»mad«e^2 
10 HO 

5,5'-Difh!obts{2-nitrohenzoaic)propionitrile ( 1 13 mg, 0.226 mmol) was taken up in 
500. pL anhydrous chloroform. Anhydrous methanol (20.0 pL, 0.494 mmoL Aldrich 
Chemical Company) was added. The resulting solution was cooled to 0 °C on an ice 
i 5 bath, and HC1 gas was bubbled through the solution lor a period of 10 minutes. The 
resulting solution was placed in a -20 °C freezer for a period of 48 hours. During 
this time a yellow oil formed. The oil was washed thoroughly with chloroform and 
dried under vacuum to afford 137 mg (95.8 %) of dimethyl 5.5'-dithiobis<2- 
nitrobaazoate)proptonimidate~2 HO as a yellow loan). 

20 

ui N \rm ethyl)- 1 - nrcpanediamme and Dirnethy! 
5,5'-dithjobts(2-ititroben;ioate)propionimidate~2 HO on a DNA Template. 

25 Procedure: 

Template polymerization was earned out in 25 niM HEPES buffer, pH 8.0. 
N-{2-Aminoe!hv !)-1.3-propanediamme (48 ug, 0.J snM, Aldrich Chemical Company) 
wis added to a 0.5 s < g, .075 mM in phosphate 2 6 

1 i 1 Herweiser H etal 
30 Hum. Mo) Genetics (1997) in press). Dimethyl 5.5 , -dithiobis(2« 

ober i i i 1 1 t ' t t i o i i u < ution 

was U'rtexed Hie reacts i ! > ■ u > r , T ; e lor one hour. A fine 

yellow precipitate was observed to form during the incubation period. The reaction 
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was cemrifuged to remove the precipitate. A potion of the reaction (10 pL) was 
reduced with 10 mM difoiothrettoi (H) pL} so break the disulfide beads forming she 
polymer. Portions (0.5 sag) of ihe intact polymer and the reduced polymer were 
analyzed t % agarose gel 

5 

Example 4 ! ormation of D\ VP thy! 5 5 -DitMobisC2- 

nitrobenzoate* propionimidate -2 HO Complexes 

pDNA/ Poly-L -lysine hydrobromsde complexes were prepared by combining plasmid 
1.0 DNA (25 tig.) with Poly-L-iysine hydrobromsde (95 pg ; MW 35 kDa, Aldrich 
Chemical Company ) in 0.5 mi. 25 mM Hepes buffer pH 8.0. and the solution was 
vortexed to mix. The resulting solution was divided into 3 portions. One portion was 
incubated at room temperature for 2 hrs. To the second portion was added dimethyl 
5,5 , -dithiobi.s(2-nitrobenz t ■ t nudate 2 HO (472 mg, i.5 mrnol), the 
15 solution was mixed, and incubated at room temperature for 2 hrs. To the third sample 
was added dimethyl 3,3-dithiobispropionimidate (hi mg, 1.5 mmoiX the solution 
was mixed, and incubated at room temperature for 2 hrs. After 2 hrs, the samples were 
then ceritrifuged at 12000 rpm for five minutes. 

20 Ninety degree light scattering measurements were performed (Shimadao RF-I501 
Fhiuiesce c etung was 700 nro for both fo 

incident beam and detection of scattering light. The slits for both, beams were fixed at 
10 nm. The panicle » 5 of the resulting complex was determined by light scattering 
(Brookhavsn ZetaPlus Particle Sn-ren After determining the inihal intensity of 

25 scattered light. 15 pi, 5 M NaCl solution was added to the complexes while foe 
atenstt a f % <i 1 gbt was monitored. 

fhe addition < lit n the ioi > ,j des led to an immediate increase in. foe 
turbidity of the solution indicating aggregation The non-caged sample also became 
30 visibly cloud> The addition of salt to the particles caged using dimethyl 3.3'- 
dstl > > i Ml« 0 rhe 

addition of salt to the dimethyl 5.5'-dithiobis(2-t:iiroben^oaie}propionimidaie-2HCl 
caged complexes lead to no visible rise in turbidity The particle size of foe dimethyl 
5,S*-dithiobts<2-nHroben/.oate! propiomroidate~2 HO caged particles was determined 
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(Brookhaver ; iogical concentration). 

The mean p a ic e ii the Eotil numbei of 
particles ueie under 100 nm in size 

The example indicates fi it dimethyl ^ s dub bi t co/oise)propionimidate~2 

HCI caged DNA The particle for d a rahie in } d sa ind.ft. 3 dv 
100 mil in s:ze. 

E xample 3 Demonstration of Reducibiihy of Disulfide Bond in vitro. 

pDNA (per Luc}/polyemyieoeimine C25 kDa„ Aldrich Chemical Company)/ dimethyl 
3,3"-dithiol?! . u and pDN A'polyemyieneimme/dimetoyl 53Mitbtobis{2- 

nirjobem;oate)pfoprommidate~2 HCI complexes were prepared in 25 mM HEPES 
buffer pH 8.0. AS! complexes were prepared at pDNA'polyethyienejmine ratios of 
1/3. Dimethyl 3,3*~diihtobispropiomiTadaie and dimethyl S,S'-dithiobts(2- 
mtrobenzoate) propiommidate-2 HCI were added at the following ratios: 03,6,12, 
and 25. Complexes were incubated 0.5 hour at room temperature, and cemrifuged 5 
minutes at 12.000 rpm prior to »ansfeaton. Transections were carried out in 35 mm 
wells. At the time of transfection, HepG2 monolayers, at approximately 50% 

T " - - 1 *} \ e < t * „ i v i an ■* 

subsequently stored in serum-ires media (Opti-MEM, Gibco BRL). The complexes 
were d;lu;e,i in Opti-MEM and added by drops. 5.0 us DN A/well, to the ceils. After a 
4 1 not incui ' 1 ) > ». aspirated 

from the cells, and replaced with complete growth media. DMEM with 10% fetal 
bovine serum (Sigma). After an additional incubation of 42 hours, the cells we 
harvested and the iysaie was assayed for iuciferase expression (Wolff. J. A,, Malone, 
R.W., Williams. P . Chong, W . Acsadt. G . lam. A arid Feigner P.L. Direct gene 
transfer mm mouse muscle m vivo. Science. I465-I46X. 1090 ) A Lumat LB 9507 
("BG&G Berthoid. Bad-Wifdbad. German-. > luminometer was used. 

pDNA/poivtHhyieneimsne? dimethyl 3.3' -dhhiobtsproptomrtridaje and 

1 ^ V 0; met! j ni FkUte- 2 

HCI particle* were trans fecled into Hep G2 cells. pDNApoiyethyteoeirmne 
complexes were also traosfected as a control. The ceil lysates were then analyzed for 
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the expression d'lucifem The. results how tl - tl irnetbvi 33'- 
dtthiobispropionmitdate complexes gave expression results beiow basdine (< 200 
RLU). the dimethyl 5 . 5" -di ihiob«< 2-mt ro ben zoate Iprapiorti mtdate-2 
HCL'pr> x , iietmine c mptexi ;ave ieve! o1 jxpressson that were as high 

5 as 12G;00U RLU, 

The physioiogicaHy labile disulfide bonds present in the dimethyl 5.5*-dithiobis(2- 
mtrobem jte)pi pt m nidate-2 HCI complexes can be reduced by cultured cells, 
Ale the disulfide bonds present in the dimethyl 33' -di thiobispropioninadate 
1 0 complexes cannot. 

Example 6 Synthesis of : ; .5'-dith.iohjs[i.r^bromopropyS)-2-nitfobenzoale} 

5,5'-di!JiiobiS-(2-mtrobenzoic acid) (500 mg,. i .26 mraol Aidrich Chemical 
15 Company » and 3-hromopropanol {368 mg t 2.65 mmot Aidrich Chemical Company) 
were taken up in 7.0 mL THF. Dtcveiohexyicarbodiimide (545 mg, .2.65 mmot, 
Aidrich Chemical Comparo > v as .-J Jed md die reaction mixture was stirred 
overnight at ambient temperature. The precipitate was removed by filtration, and the 
solution was concentrated under reduced pressure to afford 430 mg (54%) of 5,5'- 
20 ditteobisl 0''-bromopropyl j-2-nhrobeozoate) as a yellow oil 

r t ipls Symhesi » s - -dithtob 1(3 -amm nio- N-dimethyl-N- 
propionitnte; propyl bromide)2~tmfobenzoate] 

25 s e uo oi 2" mi Hit js'd 

3-dimeihviaro! nopropmaitrite (193 mg. ! .96 mmol Aidrich Chemical Company) was 
added. After 3 days at ambient temperature, the salt was precipitated from solution 
with EtiO. and purified be reverse phase HPLC (C-18 Aquasil 200x20 mm) using a 
gradient from 20 to So % methanol over 20 minutes Solution at 15 minutes). The 
30 solvent v as removed under reduced pressure to afford 15.2 nig (3%) S,S 
dithtobu ( - -ammonio- j N.N-dimeths -N-propioniu < > I bromide)2- 
rotrobemoatej. H'-NMR (CD.OD) m.4-8.6 <m, 6H), 5.0 it, 4 H), 435 ft, 4H), 4.1 
fm. ; 4H). 2 .s5 (m : 4H). 175 (m. !6H). 
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v nl e dm h 1 m i - r \ * 

props omit date )propyt chloride) 2-rmrobermoatej - hydrochloride 

Example ^ S\ rrheias of * « dimwwim wronui-;\ \-dimethyl-N- 
propioimidateipropyl chloride) 2mstrobsnxoatej 

5 ; 5'-dithiobis|(3 ammonb (N,N tro h l-N-proj on i pros bionside)2- 
nitrohetvo.m {15.2 mg, 0 018 mmoi) was taken op m 1 mL of methanol The 
solution, was saturated with HCl at « - : C The resulting solution was held at -20 °C 
for 1 v> eel L; o w as, add^<. 

mg (47%) of dimethyl 5.5"-dithbbis['< 5 ' '-ammorno -{NyN-dimetity l-N- 
proptoinitdate)propyi chloride) 2-nmobenj:oam} - hydrochloride. 

Bxamplv 1 - mneso .> v - \ Biwt 0< ><. i t cvstine 

foasolutiot L-c> tine ii gm.4.2 mm. Odnch Chemical Company) in acetone 
(10 mL) and water ( !0 ml.) was added 2-uert-buso\ycarbonyioxyinitno)-2- 
phenyiac-etojiisriie (2.5 gmJO mmoi, Aldrich Chemical Company) and trielhylamme 
(1.4 mL. 10 mmoi, Aldrich Cheraieai Company), The reaction was allowed to stir 
overnight at room temperature. The water and acetone was then by rotary evaporation 
resulting in a yellow solid The diBOC compound was then isolated by flash 
' <i) h\ i. n silica ' j jcehc acid. 

Kxampk 0 y )>:,. is ■> L sii + i m > [ y t > ; i., u>p» Kmer 

To a solution of N.N'-Bistt-BOOT. -cs sune (85 me. 0. 15 mmoi) in ethyl acetate (20 
mL) was added N.N'-dieyciohexy Oattodarmde (108 mg. 0.5 mmoi) and N- 
hydroxysuccjnmiide (60 mg. 0 5 mmoi). After 2 nr. the solution was filtered through 
a cotton piu ind 4 bism mmop \\ > eta u t 4 al ( ^5 ramol) was added. 
Hie reaction was allowed to stir at mom temperature for 16 h. The ethyl acetate was 
then removed by rotary ex aporaaon and the resuhmg sohd was dissolved in 
mt\t >r, k > u\> s ^u'o i \ tlone (0.5 mL). After 2 

k the tnfluoroaceoc acid was remo\ ed b> rotary evaporation and the aqueous 
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solution was diaiyzed in a 15.000 MW cutoff tubing against water C2X2I) for 24 h. 
His solution was fliers removed from dialysis tubing, filtered through 5 uM nylon 
syringe filter and then dried by jyophihzauon to yield 30 mg of polymer. 



5 Example I f Synthesis of guanidmo-L-eystine 



To a solution cystine (5 t 42 5 oi) 1 m j t drox de (It) ml) nia 
screw-capped vial was added O-metbyi is ourea hydrogen sulfide (1.8 gm, 10 mmoi). 
Hie vial was sealed and heated to «>o 4 - C for 16 h. The solution was then cooled and 
1.0 the ammonium hydroxide w as removed by rotary evaporation. The solid was then 
dissolved in water (20 ml !. filtered through a cotton plug. The product was than 
isolated by ion exchange chromatography using Bio-Rex 70 resin and eliding with 
hydrochloric act d (100 niM). 



1 5 &.ampki2; Synthesis of guarddino-l>c\-stinel4-biSi3-aminopropyl)piperaaBe 
copolymer 



To a solution of guanidino-l«cystin« {<U rag, 0.2 mmoi) in water (10 mt) was slowly 
added N.N'-dicyciohexTlcarbodiimide {82 mg, 0.4 mmoi) and N-hyroxysiwctnunide 

20 (46 mg, 0 4 mmoi) in dioxane (5 ml); After 16 hr. the solution was filtered through a 
cotton plug and 1 t 4-bi»{3 -aminopropy ! )pi perazme f 40 uL. 0,2 mmoi) was added. 
The reaction was allowed to stir at room temperature for 16 h and then the aqueous 
solution was diaiyzed in a i 3 00U MW cutoff tubing against water (2X2 \) for 24 h. 
The solution was then removed from dialysis tubing, filtered through 5 uM nylon 

25 syringe filter and then dried by fyophtlutaiton to yield 5 rag of polymer. 



Example : i rite panicle xe of pDN A 1 cystine 1 Mri$<3- 
atnmopropy 1 )pi perazi ne cvpoh-znet and DNA-gu3nidino-L-cys5mel4-bis(3- 
aminopropyDpiperazine copolymer complexes. 

To a solution ofpDNA U<) pgdri.} in «> 3 mL 25 mM HE PES buffer pH 7.5 was 
added!- ug/mi L-cystme i .4-b;s< ; 1 . ■ 1 n iperozme copoivroer or 
guamo-ii^i c>ssinel4-i>tst3-amit u ymer fhe size of the 
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complev httwavo D\ \ a . m<. - v.wv meaauud For both polymers, the 
size of the panicles were approxtmcuely SO am. 

&ampte.M: Condensation of DNA with L-cystine ~ L4-bis(3- 
5 asranopmpyfipiperaxine copolymer and decondensation of DNA upon addition of 
glutathione 

Fluorescein labeled DNA w as used for the determination of DNA condensation in 
complexes wish l-cystine l4-bis< 3 -aminopropytypiperazine copolymer. pDNAwas 

10 modified so a level of i fluorescein per 100 bases using Minis' Labellt™ Fluorescein 
kit- The fluorescence was determined using a fluorescence spectrophotometer 
{Shimadzi! Rl ■ 1 SO 1 spec; rofluo.romeier s at an excitation wavelength of 495 nm and 
an emission wavelength of 53Gnm. {Tmbetskey, V. S.. Stattom P. M., Hagstmm, J. 
E, Wolff, i. A... Budker. V. G., "Quantitative Assessment of DNA Condensation;' 

IS Anal. Biochem (3 999} incorporated by reference). 

The intensity of the fluorescence of the iluorescein-labeled DNA ( 10 ng/mL) in 0.5 
mL of 25 mM HEPES buffer pH 1 r? was 3(H) nuns. Upon addition of 10 pg/mL of L- 
cystme ~ 1.4-bis{3-ammopropyl)piperx;ine copolymer, the intensity decreased to 100 
20 units. To this DNA-polycahon sample was added 1 mM glutathione and the intensity 
of the fluorescence was measured An increase in intensity was measured to the level 
observed for the DNA sample alone The half h ie of this increase in fluorescence was 
8 minutes. 

25 The experiment indicates that DNA complexes w ;:h phystoiogically-iabile disulfide- 
containing pop mors are deavafaSe m the presence of the hioiogicaJ reductant 
glutathione. 

Evamole 15 : Mouse Tail \ em Injection of DNA-L-cystme- 1.4-bis(3- 
30 atmnopropyi}pipera?in« copolymer and DNA-»i!anidmo-L<ystmeT4«bis{3- 
aminopropvijp! pet atone copolymer Complexes 

Piasmid delivery in the tail \etn of ICR mice was performed as described. To PCILuc 
DNA (50 t'j i m 2.5 mL H -O was aaded cutset L-cysune - L4-bis(3- 
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atrauopropyl jpiperazme copolymer. euamdmo-t-cystme).4-bis(3- 
aminopr->p i , 'ij ipetj-'in^ v ^ ■ 1 ' v. >p b I < - < * 1 Ml > v ->ra Chemical 
Company) (50 ug). The samples were then injected into the tail vein of mice using a 
30 gauge, 0 5 mch needle. One day ahet injection, the animal was sacrificed and a 
S lueiferase assay was conducted, 

Pfiiymujxs ng/Siver 

poly-L-lysine 6.2 

L-eystme i.4-bisi ipera e copolymer 439 

guamdino-L-cvsdne L4~b-s(3-ammopropy! ipiperazine copolymer 48? 

The experiment indicates thai DNA complexes with the piwsiologicaliydabile 
chsulfide-conoiming poU mers are capable of being broken, tliereby allowing She 
I 0 lueiferase gene to be expressed. 

Example 16 : Rat Inttamuscle injection of I>NA4,-cystine ~ ],4-bis(3- 
araiaopropyi)pipsrazine copolymer and DNA-guanidtno-L-cjsttnel ,4-bis(3» 
aminop ropyj)pipera»oe copolymer complexes 

15 

Plasmid delivery moo rat teg was performed as described (Wolff, J. A., MaJone, R.W, 
Williams. P.. Chong. W Acsadt. G . jam. A and Feigner. P L Direct gene transfer 
into mouse muscle in vi\ o. Science. M65-1468. 1990.). To pCBLuc UNA (.100 pg/'ml t 

- i I 1 - i '/ti ( 'IK! I 

20 guanidmo-.l..-cvstineK4-bi:-:i 3-ammoptepv i ;pipera?.ine copolymer {100 pg/mL) and 
then injected into the leg muscles of a rat. After 7 days, the animal was sacrificed and 
ahiciferase assay was cosiducied 



SNA s,mpiex amount Indferase (helper 



no poJycation 
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L-cvstme - 1.4-bisf 3-aminopropyi jpipsrazine copolymer 4.5 

guata d mo - L - c y s ti ne i . 4 - b t si 5 -ants r> o ; ■ r op\ 1 ) p t perazt n s 6,5 
copolymer 

The experiment indicates that DNA complexes with the physiologically-labile 
disulfide-contaming polymers are capable of being broken, thereby allowing the 
5 ludferase gene to be expressed 

Example 17, injection of DNA-L-cysnne - L4mis{3~ammoprapyl}piperazme 
copolymer complex and pDNA (pCI Luc}/SJ > -Dithiobts(2~rjitroben20:sc acid) - 1,4- 
Bis(3-ammopropy 1 }pi peraane Copolymer Complex and pDNA(pCI Ltic)/5,5V 
10 dithi i; )ic acid/ i.4-btsp-aminopropyl)ptpera5ane -Folate Copolymer 

Complexes into die intestinal lumen of mice. 



Intestinal cells were transacted by injecting pDNA solutions into the mesenteric 
vasculare. A 3-cm section of the small intestines was clamped, blocking both 

15 vascular inflow and outflow. A volume of 250 pi containing 50 ug pQLuc and 50 pg 
polyCemylenimine) (Aldrich Chemical Co. MW 25,000 KfW), L-eystine - M>bis(3- 
ammoprop* i J,;ohtst2-nitrobenzoie 

add) - .L4-b!.sO-ammopropyi}piperazme copolymer, and pDNA<pCI Luc)/5,5 > - 
di{hiobis{2-niTrobenzoic acid) - 1 .4-bisi 3-aminopropyl}piperaarine -folate copolymer 

20 complexes were injected mto the intestinal iumen of mice. After 3 minutes, the 
clamps were removed. One day after DNA delivery, the mice were sacrificed, the 
injected secnon of the intestines w as excised, cut in 3 cm sections and assayed for 
luctferase expression. Different areas of the intestines w ere targeted (duodenum, 
jejunum, ileum). 



Amount iuciferase (gg) 
Complex Duodenum jejunum ileum 

DNA-poly(ethyienimme) 0,5 3,0 I,? 
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BNA-L-cystme~ 1.4-bis 6.2 3.7 2.8 

(3»aantjinopropyi)ptperazjne copolymer 

pDNA (pCI lAic)/5,5'-dtiluobis{2-n.ttroben?x)!C 42 20 226 

acid) ' \ f 4-bis(3 »aminopropv j }piperaxine 

copolymer 

pDNA {pC! Lue)/5 ; 5 , -dith{oi>(5(2>iuiroben2oic 36 1.9 51 

acid) - 1 : 4-bis(3-amsnopropy! )piperazine •• folate 

copolymer 

The experiment indicates that DNA complexes, with labile disulfide-c^tdaing 
polymers are capable of bairn- broken, thereby allowing the iudferase gene to be 
expressed 

5 

Example *<t Synthesiser 5 s -Dith < iyl(2-mtrobenzoate)] 

5,5'-dithjobjs(2-nitrobenzoic acid) (50.0 nig. 0 126 mmol. Aidridi Chemical 
Company) and N-hyroxysuccirunxida (29 o mg. 0.252 mmol Aldrich Chemical 

10 Company) were taken up in I 0 mi, dichlorom&thane. Dicylohexylcarbodiimsde (52.0 
mg, 0.252 mmol ) was added and the reaction mixture was stirred overnight at room 
temperature. After 16 hr. the reaction mixture was partitioned in EtOAc/HaO. The- 
organic iayer was washed 2 x iW, i x brine, dried (MgSO-t) and concentrated under 
reduced pressure. The residue was taken up m CHjCfe, filtered, and purified by flash 

15 column chromatography on silica gel (130 >. 30 mm. EtOAc C,H?.Ci? 1:9 eJuenf)to 
afford 42 mg (56%) 5.5">ditiiiobis(sucanitnidyK2-nitrobenzoate)] as a white solid. 
H X NMR (DMSO) a.S 1-7.77 (d. 2H). 7.57-7.26 (m, 4H), 3,69 (s, 8 H). 

Exam ple 19 . Synthesis of 5 5'-Didhobis(2-nilrobenzotc acid) ~ 1,4-Bis(3' 
20 ananopropyDpiperazinc Copolymer 

1,4-Bts(3 urn >pr< wDpipvradne (lOt tin r >0 Chemical 

Company > was taken up in i 0 mL methanol and HCI (2 mL t 1 M in EtjO, Aldrich 
Che ca Ci^np^w sad £ ! > t - > > salt was 

25 collected by filtration The .«it was taken up in I mi DMF and 5,5*- 
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dithiob!sisuccinjmjdylC2-tififob«nxoate)j GO m§. 0.050 rnmoi) was added. The 
rssui8h| solution was heated to so C sad djtisoj n pi !«{& lataiae I 35 ptL, O.20 
mmol Aldrieh Chemical Company) was added by drops. After 16 hr,the solution 
was cooled, diluted with 3 mL 1 and diafeed in 12.000 - 14000 MW cutoff 
5 tubing against wafer (2X2 Li for 24 h. The solution was then removed from dialysis 
tubing and dried by iyophiii/.aiion to yield 23 nig (S2%) of 5.5 N -dithiobis{2- 
nttrobenzotcac.di - l l-b moproj pij ra ine copolymer. 

Example 20: Panicle Siting of pDNA (pCi Luc)/5..5'-Dithiobts(2>mtroben2oic add) - 
10 l,4-Bis(3-aminopropvl .tpi perazi ne Copolymer Complexes 

To 50 ug pDNA in 3 ml Ringers {0.85% sodium chloride. 0.03 % potassium 
chloride. 0.03 % calcium chiortde) was added 170 S.S' -DidMobt$(2^ttrobenzoie 
acid :> > topyljp erazine Copolymer Panicle sizing {Brookhaven 

15 Instruments Copotatton. ZesaPius Panicle Size*. 100, 532 nm) indicated an effective 
diameter of 92 nm for the complex. A 50 p« pDNA in 3 jmL Ringers sample 
indicated no particle formation. 

5,5'-i>!th)obiSi2-oi!Tobeiizoic acid) • 1.4-8is{3-aminopropyl)piperazme Copolymer 
20 condenses pONA. forming small particles 

Example 2i Mouse Tail Vein Injections of pDNA tpCl Luc)/S.5'-Dithiobis(2- 
nitrobenzoic acid) -L4-8is{3-aminoprop>1)piperazme Copolymer Complexes 

25 Four completes were prepared as follows 

Complex ! : pDNA ipCi Luc. 200 ug) in 1 mL H 2 0 and diluted with 9 mL Rmgers 
prior to injection. 

Complex II. pDNA (pCi Luc. 200 ug) was mixed with poly-L-lysme {378 fig, MW 
3400. Sigma Chemical Company) in i niL IhO and diluted with 9 mL Ringers prior 
30 to injection 

Complex ill; pDMA (pCJ Luc. 200 ug) was mixed with 5.5'-Dithiobis{2- 
rtitrobenz oc acid) - 1 .4.Bi«3-aminopropyl>piperazine Copolymer (400 ug) in i mL 
H2O and diluted with 0 mL Ringers prior to injection.. 
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Complex IV: pDNA (pCi Luc. 200 Mg} was n»xed with HisioneHl {1.2 mg, Sigma 
Chemical ( > npam > in 1 mi II 0 and dikrted \ th 1 ml I t rs pn n to injection. 



2.5 ml and 250 uL taii vcm injections of die complex were performed (Zhang, G„ 

Tail Vein ir •) i JDN ^ Human Gene Therapy. July, 1999, 

incorporated by reference). Results reported are for liver expression. luciferase 
% t - « n previously reported (Wolff. J. A * lalone, R.W , 

Williams. P., Chong, W.. AcsadL G. 5 Jani. A and Feigner, P.L. Direct gene transfer 
into moase muscle in vivo Science. 1465-1468. 1990.). A Lumat LB 9507 (EG&G 
Berthold. Bad-Wildbad. Germany) Intranometer was used. 



Results from 2.5 mL injections 
Complex!: 1 ,976,000 
15 Complex If 1255,000 
Complex 111: 5,025,000 
Complex IV: 1,960 



Results from 
20 Complex i 
Complex 111: 



150 uL injections 
985 
1,140 



Results indicate an increased level of loeiferase expression in pDNA / 5,5'- 
Diditobisi 2-aitt obenwuc acid) - 1 .4-Bts(3-aminopropyi')piperazine Copolymer 

25 complexes ovet pCI Luc DN'A uself . pCl Luc DNA ; poiy-L-lysine complexes, and 
pCI Luc DN A Historic HI complexes These results also indicate that the pDNA is 
being released from die pDNA / 5,5 '-Diihiobisi 2-nitrobenzoic acid) - L4~Bis{3~ 
nnmopropyljpiper i - exes md i- ^<e;si tile for transcription. 

250 pL injection results were similar for both pDNA / S.5'-Ditoobts<'2-ni&oberttoic 

30 acid) - 1 ,4- Bis (3 -aminopropy Opiperazme Copolymer complexes and pCI Luc DN.A. 

Exampie 22 Synthesis >f 5 Dithi bts«2 < snzoic acid) - L4-Bis(3- 
ananoprop\-.l)piperazine ~ Trisf 2-ammoethy] jamme Copolymer 
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L4-Btsti-jmn pro yOpiperazme ( 2.4 01 0.012 mm *V ch< hanucal 
Company ) and msi 2-ammoethyi jamme (0.51 p.L, 0.0034 mmol, Aldrich Chemical 
Company! were taken up m 0.5 mL methanol and HCi I ! mL. I M m E( 2 0, Aldrich 
5 Chemical Company.) u as added Et : 0 was added and the resulting HCI salt was 
collected b\ fiitratii 5.5"~dtthiobis{ timidyl <2~n >)<10m 1.01 

mntol) was added and the mixture vas taken up m 0.4 mi, 0MSO and 0.4 mL THF , 
The resulting solution was stirred at room temperature and diisopropylethyiaaiine (5,9 
uL, 0.042 mmoh Aldrich Chemical Company ) was added by drops. After 16 hr, the 
10 solution was diluted with 3 mL H A and dtalyzed in 12,000 ~ 1 4,000 MW cutoff 
tubmg against water {2 X 2 L) for 48 h. Hie solution was then removed from dialysis 
tubing and dried by iy opinio ation to yield 2.7 mi; (30%) of 5 t 5'-dithiobis(2- 
nitrobeazotc acid) - 1 ,4-bist 3 -ammopxopy j }pjperazinc tris(2-aminoemyt)amme 
copolymer. 

1:5 

Example 23 : Sy nthests of 5. 5 '-Dithtobjsi2-nhrobenzo!C acid) - 
Teliaeihv ienepentamme Copolymer 

Tetraemylenepemamtne < 3.2 pi., 0.017 mmoL Aldrich Chemical Company) was 
20 taken up in 1 .0 ml. dichloromethane and HCi ( I mL, 1 M in EfcO, Aldrich Chemical 
Companv > \\i added EbO is added and die ultiftg HCI sail \\ as < otleefed by 
filtration The sail was taken up in 1 mL DMF and 5.5*-djthiobisfsuccinimidyi (2- 
niirobenzoateil f 1 0 mg. 0.0 i ? mmoi) was. added The resulting solution was heated to 
80°C arid diisoptopyjethyiamine (15 uL 0.085 mmoi. Aldnch Chemical Company) 
25 was added by drops After 16 hr. she solution was cooled, diluted with 3 mi. HjO, 
and dialyzed in 12,W0 - 14.000 MW cutoff tubmg against water (2X2 L) for 24 h. 
The solution 'a as then remo\ ed from diaivsis tubmg and dried by lyopMlization to 
yield 5.8 mg (62%) of 5.5'-dithiobis{2-nnrohen?.ojc acid) -• fetraethylenepemamine 
copolymer 

30 

Exampl e 24; Mouse Tail Vein In ^ . of pDNA (pCl i,uc)/5.5' Dsthobt 1 2 
nitrobenzotc acid) -1 enact o ienepemumme t v}x>i> mer Complexes 
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Complexes were prepared as follows; 

Complex I pDNA < pCJ Luc, 200 pa) was added to 300jiL DMSO then 2.5 mL 
Ringers was added 

5 Complex U: pDNA tpCi Luc. 200 Mi!) was added to 300jlL DMSO then 5,5*- 
DithiobisLVnifrobeiV.oic mod) - Tatraeshyienepefyamine Copolymer (336 \ig) was 
added foil owed b\ 2.5 ml Rutgers 

2,5 mL tan vain injections of the complex were performed as previously described. 
1 0 Results reported are for in *r expression, and are the average of two mice. Lucifemse 
expression was determined as previously reported (Wolff, J. A.. MaJone, R.W., 
Williams. P., Chortg, WW Acsadi, O., Jani. A, and Feigner, P L. Direct gene transfer 
into mouse muscle m vix o. Science. 1465-1468, 1990. ). A Lumat LB 9507 (EG&G 
Berthold, Bad-Wtidbad. Germany) lummomerer was used. 

15 

2S0uL injections 
Complex 1: 25.2tXJ.lKJ0 
Complex I! 21.0OO.0tR} 

20 

Results indicate that pDNA tpCi Luc) 
tettaemyleo epeo tarn b? e <opoi> mer cor 
itself in 2.5 mL injections. This mdtca! 
complex and is accessible for transcription. 
25 

Example 25; 5 nitre? of - - ■ D);fi(Ob;s(2onti'obenao(c actdl - 
Tetraemylenepemamirre - Tnst 2-aminoetbvf jamme Copolymer 

TetraethykuKurenumrere { 2.3 uL. 0.012 mmoi. Aldrich Chemical Company) and 
30 tris(2-ammoeihyl tamme (0.5 1 at. 0 0034 mmol. Aldrich Chemical Company) were 
taken up in 0,5 mL methanol and HCi « i mL, 1 M in EtjO. Aldrich Chemical 
Com: u a ui, < ,, ; _ jr.e HCi sal) was collected S 

filtration The salt oas „-■,„■.. ... m . mL .DMF raid 5,5 •-dithiobisfsuccmmtidyl (2- 



5.5 ! -Dtihiobisi2-nitn>baazotc acid) - 
nplexes are nearly equivalent to pCl Luc DNA 
tv'S that ;i;e pD'NA is bemg released from the 



46 



WO 00/75.162 



PCT/US00/15652 



nitrobemoate.)j i 1 0 my. OA; ? mmoi) was added. The resulting solution was heated to 
80°C and diisopropyletby iamine H5 pi... 0.085 mine!. Aidrich Chemical Company) 
was added by drops. Alter id nr. she solution was cooled, diluted wife 3 tnL H*0, 
arid dia!vv.ifd in L ; i atar (2 X 2 L) for 24 h 

5 fhssolut '> s then re n v< md rufeirs and dried by lyophiiization to 
yield 6.9 mg (77%) of 5. 5*-dubiohisi>mtrobenxoic acta) - tetraethylenepeataraine ~ 
tris<2-amirioethyi temme copolymer. 

Example 23 : Mouse Tail Vein injections of pDNA (pCi Luc}/5 ? 5'-0iti5iobis(2- 
10 nittobenzoic acid} Tetraesm lenepemamine-Trisi 2-ammoethyl)anaitte Copolymer 
Complexes 

Complexes were prepared as follows: 

Complex 1 pDNA (pCl Luc, 200 pg,} was added To 300pL DMSO then 2.5 mL 
15 Ringers was added 

Complex II: pDNA (pCi Luc. 200 pst) was added io 300pL DMSO theo 5,5'- 
DiwiobisC2-niirobefixoic actdi - Tetraetiwl3nepentafnlne-Tris(2-aniinoe%I)aiiiine 
Copolymer (374 pg; was added followed by 2.5 ml. Ringers 



2.5 mL ta<i wi t s < i > t b described 

Results reported are for Us «r expression, arid are the average of two mice, Liid.fe.rase 
expression was determined as previously reported (Wolff, S.A., Malone, R.W., 
Williams. P. : Cheng. W.. Acsadi. G.. Jani. A. and Feigner. P L. Direct gene transfer 
into mouse muscle in vivo boenee, J463-146K, 1990 } A Lumat LB 9507 (EG&G 
Berthoid. Bad-WiJdbad. Germam. j lummometor was used. 



250 pL injections 
Complex I :?.2<X>.0UO 
Complex 11: »7.2tK>.Uw 

pDNA (pCl Luc} 5.f7-D>ibo)bii(2-nitroben.'.otc rtcidf • tetraethylenepentamine- 
rris{2-ammce ) untne < ymer < iplexes e more effective titan pCl Lue 
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DMA in 2,5 mL injections, indicating mat the pDNA is released from the complex 
and is accessible fur traiiscnpaoa 

Example 26 : Synthases of :".f -D!tWobiS{2-aiirobeazoic acid) ~ RN'-Bisfl- 
5 anHR0ethvi)-i.3-;)!op:iJu>(!sani;!)e Copoiymet 

N.N'«Bis{2-aminoeihyl)- ! J-propaiwriiaraine ( 2.8 pL : 0.017 mmoL Aldricb Chemical 
Company) was saken up in t.u mi., dichloromethane and HQ (1 mL, 1 M in Bi 2 G, 
AJdrich Chemical Company ) u as added. EhO was added and the respiting HQ salt 

10 was collected by filtration. The salt was taken up in I mL DMF and 5,5'- 

dithiobis|succ:niniidv l(2-rotrob«t«r.oa!e}] fJU rog. 0 OITmmol) was added. The 
resulting solution was healed to 8(PC and diisopiopyieihyiamme (12 fi3L, 0.068 mmoL 
AJdrich Chemical Companv : v. as added by drops. After 16 hr, the solution was 
cooled, diluted with 3 mL ILO. and dtaiyzed in 12,000 - 14,000 MW cutoff tubing 

13 against water (2X2 Lj for 24 hr. The solution was then removed from dialysis 
tubing and dried by iyophtlkauon to yield 5.9 rag (66%) of 5,5'-dithiohis(2- 
nitrobenzoic acid) -N .N ' -hi si 2-aminoethy 1)- ) .3-propanedianane Copolymer. 

Example 2" M >u . > „tl \ < !r,eu<.. . f \ \ {pCI Luc}/5.5 > -Dithiobis{2- 
20 oitrobexixoic acid) - NA : '-Bisr2-ammoethyl)-L3-propaiiediamine Copolymer 
Complexes 

Complexes were prepared u< follows- 

Complex I pDNA (pCl Luc. 2(H) ug) was added to iMXiuL DMSO men 2.5 mL 
25 Ringers was added. 

Complex 11: pONA ipCI Luc, 200 pg.J was added to 300pL DMSO then 5,5'- 
Dithiobistc-njiroben/.oic acid) - N.N '-B^Q-aminoethy 1}- 1 ,3 -propanediaroine 
Copolymer (474 pg) was added followed by 2 5 mL Ringers. 

30 Tail vain oyeenons of 2 5 mL of the complex were preformed as previously 

sscnbe<J d are the average oi two mice 

1 uc i v< ^ \ o - < , vc s . t > ! . <i. \ reported. 
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Results: .: : ; mL nuecuom 
Complex i 25.2W.0Oo 
Complex!! 341.(500 



5 pDNA (pCI Lucj:5.5'-D«hKibisa-mirobeii?.oic acid) - teuae&ylenepentamme 
Copolymer Complexes provides iucifetase expression indicating ifaat the pDNAis 
oeimi T ele ^vl> >o - 1 -. i K md •> , > it ns< iption. 

Example 2H -Sv nthesis of 5.5'-Diihiobis(2-rtiirobetizoic acid) - N,>T-Bis(2- 
10 ammoetbyfs- 1 .3-ptopanediamme Tns(2 -amtnoedw l)amine Copolymer 



N.N < -B!Si2-3minGfiihvl}-i.3-propanedsamme { 2.0 pJL„ 0.012 mmol, Aldrich Chemical 
Company > and insi 2-ammoemyi jamine (0 5 1 ML. 0.0034 mmol, Aldrich Chemical 
Company ) were taken up in u.S mL methanol and HCI ( i mL, I M in BfeO, Aldrich 

15 Chemical Company > was added. EtjO u as added and ihe resulting HCI salt was 
collected by filtration. The >aii was taken up in i mL DMF and 3,5% 

thi > j c i i \ < - i f ate) < r s a 0 017 mmol) was added. The 
resulting solution was heated so K1PC and dt isopropylemylamine (12 pL, 0,068 ramol. 
Aldrich Chemical C ompany ? v> as added by deep's After 16 hr, the solution was 

'20 cooled, diluted with J mL H>0. and dialyxed in 1 2,000 - 14,000 MW cutoff tubing 
against water (2 X 2 L> for 2-i he The solution was then removed from dialysis 
tubing aix dried - io \ e . < - (70%) of 5.5 -ditmob!s(2- 

mtrobemxac acadi -• VV-b;<e-ammoetb> it- i .3-propanediamine - tris(2« 
aminoeilw SSarnssie copoK mer 

25 

>*:r { e Taii \ e injections o D.N A (pCI Luc)/5,5'-Difc»obis(2- 

atruben > s \ r <. u iiamme lns(2 

sm v i a ' ( TsoieKe* 



30 Complexes v prepared a- febows: 

Complex i pDNAipCl Lev. 200 pet y,s& added to 300ul DMSO then 2.5 mL 
Ringers \sas added 
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Complex I. pDNA ipCI Luc l iddedto MSOtbenS.S"- 

Dttb .{ i 3 5jicpaneoaanari' v Tri^2~ 

arainoedo )m set t h men 474 jigi a added followed by 2.5 mL Ringers. 

Tail vain injections of 2.5 mL of ?he complex were preformed as previously 
described. Resubs reported ate for liver expression, and are the average of two mice. 
Luciferase expression uas determined as previously reported. 

Results: 2.5 mL injections 
Complex i :? 5,200.000 
Complex 11. t. 440.000 



Re$uusi.Kkjf h ! l ~ s p< . ' acid) - H > N t - 

Bis(2-aminoeth> I)- 1 .3 - prop anedi amine •• Tris(2-ammoethyl)amine Copolymer 
Complex^ are less effective than pCi Luc DNA in 2.5 mL injections. Although the 
complex s\as !e eflet s e luciferase expressits indicates that the pDNA is being 
Mn;he eoi t 1C c t, \ 



EsamgleJ 
20 Luc)/Pnys 



oris of Complexes from pDNA (pC! 

ide t It o ? i s - 



Seven complexes v. ere pre 
Complex i pDNA ipO 
HE PES (5 mM pH U 

25 Complex li pONA ipCi 
HEPES (5 mM. pUM T« 
acid) - 1 ,4-Bist -aitooepo: 
Complex HI pDNA ipG 
HEP.ES (5 mM. pH To 

30 - L4-Bs im , p , 

Complex IV oDNA ox I 
HEPES i? mM pH St. To 
■■ Tetraeor. : en.ceeeot e 



eared as follows: 

Luc -to pet was added to 586 uL glucose (290 mM)- 

L uc. 40 ug.t v- as added to 577 pX glucose {290 mM)- 
tins solution uas added 5,5'-Dithiobis(2-nitrohenzoic 
> p ;era?ane Co jjyraer {9 tl 200 pg) 

i IV. * > J. (290 m5 

hi . solution was added 5.5'-Dit}t!obts{2-mtrobenzoiC acid) 

pera/m« Copolymer (13 pL, 200 pg). 

Loc. 40 ug> n as added to 574 pL glucose (290 mM)- 

jt v i v 5 Did t benzoic acid) 

v'peiyroe! ■ i 2 pt. 7»pg). 
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Complex V . pDN A < pC! L a,. . 40 ug ? w as added to 576 \ih glucose (290 mM>- 
HEPES,- )A5 ,P1 v v j-uo) .. . ^ ~ D u * n -O-nnrobenroiC aud! 

♦ Tetnuithyienepemamme - TnsU-ammoethyOamine Copolymer (JO uL, 65 Jig). 
Complex VI pDNA t pC! Luc, 40 jag) was added to 581 uL glucose (290 raM}~ 
5 HEPES (5 oiVl pH 8; uns solution v.is added 5.5^)uwobis{2-mtrob<mzoic acid) 
- N f N , ~BiS(2-aminot:ii;\ is- , -propane diamine Copolymer <5 uX, 94 jig). 
Complex VII pDNA spCi Luc. 40 jig) v. as added to 570 yt glucose (290 raM}- 
HEPES (5 mM. pl-i K) Ty this solution ^ as added 5.5 J -D3tkiobis(2~mu-obenzoieadd) 
- N,N'-Bisi2-aminoethv i h . :> -propanediamme - Tra(2-ammoe%i)anHne Copolymer 
10 {16pL ; V4u»} 

Direct muscle mictions; vf loo uL of the complex were preformed as previously 
described {See Budker, \ . Zhang. G.. Oanke. I - Williams, P., and Weill I, "The 
Efficient Expression OlTmruv ascularly Delivered DNA In Rat Muscle,'' Gene 

55 Therapy 5. 272**< WV. * vlff. J.A . Maione. R.W., Williams, P„ Cheng, W., 

Acsad), 0.. Jam. A. and Febner. P L Direct gene transfer into moose muscle in vivo. 
S.Kfite • ■ un b> ittlbi once ) Seven days 

post injection, the annuals •■■ e»e sacrificed, and the muscle harvested. Samples were 
homogenized in lux butler < ; mU and cemrifuged for 15 minutes at4000RPM. 

20 Luciferase expression was uetermtned us previously reported. Results reported for 
left quadraeep right quaur;;ce;; i Complex IV only injected into left quadiacep). 

Results: 

Complex. 1: RLl 

25 Complex II Kit. 

Complex Hi. RU. 

Complex IV kti 

Complex V. RLl 

Complex VI: RLl 

30 Complex VU: MIC 

The «.- N m ev ■ a a. V i 3 r\sitk_ s.dR Labile Disainde Bond 

Containing Polymer :ire ei. -xu\ e m direct muscle injections. The luciferase 



*|.*iw 4 SI 6 

- n.4v; :o64(! 

LU I ••. J9.491 

0>X ' 

- i: ' : 5.S06 
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l St ! ' > 1 1 ! * ' I mt > f H,< ! 

accessible for transcription. Complexes prepared with 5,5 Diu >bts(2 itrohen c 
adi P8isf3-art proj piperazine Copolyn « e mos 
iuciferase expression levels 2 to 10 times as high as pONA 

5 

mt of > h is(2mttrobemx»c acid) - 

Pentaethyienehexamine Copolymer 

PentaeroyJenchexamine ( 4.2 \iL f 0.017 mmoi. Aidrich Chemical Company) was 
10 taken up in 1.0 ml, dicMoromethane and HC1 (1 mL, 1 M m EtjO. Aidrich Chemical 
Company.) was added £t 2 0 was added and the resulting HQ salt was collected by 
filtration. The salt was taken up m I ml DMF and 5,5'-diih >bisj>uccinimidyi(2- 
nitrobenzoate)] (10 mg, 0.0! 7 mmol) was added. The resulting solution was heated to 
• irtd diisopn <« is h; iaimi ? (12 p.! 0 068 mmoi, Aidrich Chemical Company) 
15 was added by drops. Alter 16 hr, die solution was cooled, diluted with 3 mL H 2 0, 
and dialyzed in 1 2,000 - 14000 MW cutoff tubing against water (2 X 2 L) for 24 hr. 
The solution was then removed from dialysis tubing and dried by lyophihzation to 
yield 5.9 mg (58%) of 5.5*-dimiobis(2-nitroben2;oic. acid) ~ pentaethyienehexamine 
Copolymer, 

20 

E.S.amgi.s?J Y thf"? s of 5.5 D'V it uoic acid) - 

Pentaethyienehexamine - "! r 1 • imme 

Pentaethylenehexaauine ( 2.9 pL. 0.012 mmoi, .Aidrich Chemical Company) and 
25 tm(2- iiiiino ;th (amine <•> ph. 0.0034 mmol. Aidrich Chemical Company) were 
taken up in 0,5 mL methanol and PICS ( I mL. 1 M in fifeO, Aidrich Chemical 
Company ) was added. EtjO was added and the resulting HC! salt was collected by 
filtration. The salt was taken up in I ml DM1 and c 5 -d thi >i - iecintmidyh'2 
) t obet ' »ig 0 017mmol) was added. The resulting solution was heated to 

30 80*C and disopropylethylamme (12 pL. 0.068 mmol. Aidrich Chemical Company) 
was added by drops. After 16 hr. the solution was cooled, diluted with 3 ml. H 2 0, 
and cbalyxed in 12,000- U 000 MW eutof! t t • agamst waiet (2 X2 i.i foi 24 h. 
The solution was then renioved Irom dialysis tubing and dried by ivophiiizafion to 
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nehesamke 

tns{ 2 -amm oe t h y S } ana ne cop olyi»er< 

Example 33 :Svnihesis of 5 ; 5'~Dithiobis< 2-nitfobenzoK; acid) - N43~Amiaopropyl}- 
5 ].>propanediamine Copolymer 

S : 5^0ithiobis[s ' < s : . c - ' was taken op it! 

10 jiL of DMF. N-{^5-a!ti!iK»propvi)-l,3~propanedmmme ( 0.6 uL, 0.004 mmoi, 
Aldnch Chemical Company) was added with 10 p;L HEPES 250 mM ( pH 7.5. .After S 
10 hr the solution was concentrated under reduced pressure, The resulting residue was 
dissolved in 0.42 nil. DMSO. Analysis of the solution on SDS-PAGE versus poly -L- 
lysisne hydrobromide (MW of 1000, 7500. 15000) indicated an approximate 
molecular weight range of 3500-8000 for the polymer. 

1 5 Example 34, Synthesis of 5.5*-diBuohis(2HUtroben2.otc acid) - 1 ,4-bis<3~ 
aminopropyl)pipera2jne -Folate Copolymer 

Folate-PEG(3400 MW)-NH2 was prepared according to the known procedure (Lee, 
R.I, Low, P.S. Biocfaimicaet Biophysics Ada J 233, 1995, 134444) Foiate-PECi- 
20 NH2 was acylated with succinyiated N-(3-(BOC)amifiOpropyl> 1 ,3- 

propaneamine(BOC}arame. Removal of me BOC protecting groups afforded the 
Folate monomer. 

L4-bis(3-amit t > erazine ( 5.0 pL, 0023 mmoi, Aldnch Chemical 
Company) and folate monomer (5.0 mg, 0 0012 mmoi.) were taken up in 0.4 mL 

25 methanol and HC1 (I mL, 1 M in EtjO. Aldnch Chemical Company) was added. The 
resulting suspension was concentrated under reduced press i n t white solid. 

The salt was taken up in 0.5 mL DMF and 5,S"-dithiob!s[suceintmidyl(2- 
tutrobenjr.oate)! (14 mg, 0.025 mmoi) was added. The resu - v as heated to 

80 °C and dusopropyiethylanune ( 1 8 uL. 0 to mtnol. Aldnch Chemical Company) 

30 was added by drops. Alter 16 br, the solution was cooled, diluted with 3 mL M>0. 
and dialyzed m 12.000 14 (Of I < u ig a uns ater (2 X 2 L) for 24 h 

The solution was then removed from dialysis tubmg and dried by lyophilizasion to 
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yield 13 mg (<>*%} of 5 ; 5'-dithiobis('2-nitrobem;oic acid) - L4-bis»3-aminopropyO 
piperaxine - folate copolymer. 

5 BxanipS < i ot^ Dimi obis (2 -nitre benzoic acid) •■ Poly-Giutarnicaeid 

(Smer) Copolymer 

H 2 N-EEEEEEEE-NHCH 2 CHaNH2 (5.0 mg, 0.0052 rnrnoL Genosis) was taken op m 
OA mL HEPES (250 aiM, pH 7.5). 5,5"-dithbbis[suecmtmidyi(2*mtfobetuoate)| (3.1 
10 rng, 0.0052) was added with 0.2 mL DMSO and the -mixture was stirred overnight at 
room temperature. After 16' hr the solution was heated to 70°C for Hi min. cooled to 
room temperature and diluted to i 10 mL with DMSO. 

• t mpiex Formation with 5.5'T5nhmbis(2-mtrohen2oic acid) - Poly- 

! 5 Qutamieacid (Smer) Copolymer 

Fluorescein labeled DNA was used for the determination ofDNA condensation in 
complexes With 5,5 < -Oimiobis(2-nitroben20tc acid) - Poly-Glutamicarid (8mer) 
Copolymer. pDNA was modified to a level of 1 fluorescein per 20 bases using MirM* 
20 ljabelTT m Fluorescein kit. The fluorescence was determined using a fluorescence 
spectrophotometer (Sbimadzo RF-1S0! Fluorescence Spectrophotometer), at an 
excitation wavelength of 497 run. and an emission wavelength of 520 nro. 

To fluorescein labeled DNA (10 fig), in 1 mL HEPES (25 roM pH 7.5) was added 
25 polyomithine { 1 8 S n any). Th r u\i 1 id u room 

temperature for 5 minutes, and the fluorescence was determined, (see; Trubetskoy, V. 

S., Slattum, P. M.Hagsuom. J. E., Wolff, X A., Budker. V. G . "Quantitative 

Assessment of DNA Condensation." Anal. Biochem ( ! 999) incorporated by 

S u i sit> s decreased by DNA condensation, results 

30 mdicat p liTuthi r > 1 ' r * > ^ + k as added 5.5 

Dithiob > i ^' . a 1 i micacid ( ) Copolymer i ug), an 

the fluorescence was again determined The fluorescence of the sample decreased 

further 
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Upon the addition of 5.5 N -Dnhiobts(2-nitrobenzoic acid) - Poly-Glutamicacid (Sraer) 
Copolymer to the sample, the fluorescence decreased indicating the formation a 
triple complex. No competition oftht ' >itl ■ bis(2-nitroben?xsie acid) - Poly- 
5 Glutamicacid (8mer) Copolymer for the polyomithme was observed (increase in 
fluorescence) 

Exampje. 37 : Transfection of 3T3 Cells with 5.5-Dithiobts(2-mtTohenzoie acid) - 
Poly-Giutamieacid (8.nter) Copolymer 

10 

Three complexes were formed: 

Complex 1) To 300 jjL Opti-MEM was added LT-i™ (12 pg. Minis Corporation) 
followed by pDNA (pCI Luc, 4 pg). 

Complex H) To 300 pL Opti-MEM was added LT-f m (12 pg, Minis Coloration) 
1 5 followed by pDNA (pCI Luc, 4 jig), and 5.5'-Ditbiobis(2-nitrobenzoic acid) ~ Poiy- 
Gluiarraeacid (8mer) Copolymer {4 pg). 

Complex ill) To 300 pL Opti-MEM was added LT-1™ (12 jig, Minis Corporation) 
followed by pDNA (pCI Luc, 4 pg), and Poiy-Glutamicactd (4 pg, MW 49000, Sigma 
Chemical Company) 

20 

Transfectmns were carried out in 35 mm wells. At the time of transfection, 3T3 cells, 
at approximately 50% conOuency. were washed once with PBS (phosphate buffered 
saline), and subsequently stored in serum-free media (2.0 mL, Opti-MEM. Gibco 
BRL). 150 pL of complex was added to each well. After a 3.25 h incubation period at 

25 3? °C, the media containing the complexes was aspirated from the cells, and replaced 
with complete growth media. DMEM with 10% fetal bovine serum (Sigma). After an 
additional incubation of 48 hours, the cells were harvested and the Jysate was assayed 
for lucif erase expression as previously reported (Wolff. J,A. t Maione, R.W , 
Williams. P., Chang. W . Acsadi. G.. Jans. A. aid Feigner. P L. Direct gene transfer 

30 into mouse muscle in vivo. Science, 14654468. 1990 ) A Lumat LB 950? (EG&G 
Berthoid, Bad-Wildbad. Germany) iuminometer was used. 

Results 
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Complex I RLU - i 7.000.000 
Complex il: RLU~ 14.000,000 
Complex III: RLU = 26.000.000 

? fhe addition >r ?' >u t : iu< n ca i 0 Sigma Chemical Company) in 

the transfection experiment improved the pDNA expression. The addition of 5,5*- 
Dithjobis(2-mtrohen20ic acid.) - Poiy-Glotamicacid (Smer) Copolymer (4 jig) while 
not improving the pDNA expression was not detrimental so the expression. 

1 0 Exam ple 38 : Demonstration of Reduction of by 5,5 '-dithiobi sf.2-Mtroben.zojc acid) - 
Containiag Copolymers by Glutathione 

To a solution of 5 5 J -D thi >bis< 1 mtrobenzoic acid) - i ,4-Bis(3- 
ammopropyl)piperazine Copolymer (100 u.g) in 0.5 ml, HEPBS (25 mM, pH 8) was 
15 added glutathione (final concentration of 2 mM). The absorbance of the sample was 
measured at a. 412 {The cleaved disulfide has an absorbance maximum at XA'}% See 
Heratamoa, G.T. Sioconjugate Techniques, Academic Press, New York, New York, 
1996, pp 88} versus time (Beckman DU*7 Spectrophotometer). 

20 To a solution of SJ'-dithtohis^-nitrobemxjic acid) - terxaemy lenepentamine 

copolymer (50 |ig) in 0.5 ml HEPES (25 mM, pH 8) was added glutathione (final 
concentration of 2 mM). The absorbance of the sample was measured at X 412 (The 
cleaved disulfide has an absorbance maximum at X 4 ) 2. See Hennansoa. G.T 
Sioconjugate Techniques, Academic Press. New York. New York. 1996, pp 88) 

25 versus time (Beckman DU-7 Spectrophotometer} 

To a solution of 5,5'-Dithtobis{2-nitrobeji?.oic acid) - Poiy-Giutamicacid {8mer) 
Copolymer (50 fig) in 0.5 mi. HEPES (25 mM, pH 8) was added glutathione (final 
concentration of 2 mM) The absorbance of the sample was measured at X412 (The 
30 cleaved disuil I has an i than ce maximum at X 4! 2. See Hermanson, G.T. 
8ioconjui_. 5 i T ,s t $ Academic Press New York New York 199( pp 88) 
-versus tune (Beckman DU-7 Spectrophotometer) 
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Each sample showed a rapid . i«c ^ rbanc at 1 412 upon the addition of 

, ith ndicaw < f .i t, I 

as: 

t L i f ^ i . B L r 

S Copolymer ti.-;>~ 42 sec. 

5 r 5'-dithiobisC2-nttrobiW.oic acid) - tetraethyienepemamme copolymer U s ::: 75 sec. 
5,5'-Dnhiob!s(2~mtrobenzoic acid) - Poiy-Glutaroicacid (Smer) Copolymer Ua ~ 24 
sec. 

The experiment demonstrates rapid cleavage of the disulfide bond of 5,5Adtthiobi${2- 
1 0 mtrobenzoic acid) ~ containing copolymers with the physiological reducing agent 
glutathione. 

lite foregoing is considered as illustrative only of the principles of the invention. 
Furthermore, since numerous modifications and changes will readily occur to those 
1 5 skilled in the art, it is not desired to limit the invention to the exact construction and 
operation shown and described. Therefore, all suitable modifications and equivalents 
fall within the scope of the invention 
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We Claim! 

5} A biologically active compound associated with a disui nta mg compound, 
comprising: ths disulfide-eootaining compound having a labile disulfide bond that 
is selected from the group consisting of (a) a disulfide bond thai is cleaved more 
rapidly than oxidized glutathione and (b) a disulfide bond constructed from thiols 
in wiiic'h one of the constituent thiols has a lower pKa than glutathione and (c) a 
disulfide bond that is activated by intramolecular attack from a free thiol. 

2} 'lite compounds of claim 1 wherein the disuifide-contaming compound comprises 
a polymer. 

3.) The compound of claim 2 wherein die polymer is selected from the group 
consisting of a p t > i i poly me r and an amphtpathic 

polymer, 

4) lite compound of claim 1 wherein the biologically active compound is a 
polynucleotide. 

5} The compound of claim I wherein the biologically active compound is a 
polypeptide. 

6) The compound of claim I wherein the disulftde-comaming compound contains a 
iigand. 

7) A compound for inserting mtt at orga 5 he compoun ha\ ins a 
disulfide bond that is labile under physiologic conditions selected from die group 
consisting of t" a) a disulfide bond that is cleaved mote rapidly than oxidized 

i 1 hsuffid nd constructed from thiols tn which one of the 
constituent thiols has a lower pKa than glutathione and (c) a disulfide bond that is 
activ ated by intramolecular attack from a free thiol, 

s? n no mi i fi he be compound comp m amphipath 
compound. 
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9) The compound of claim 7 wherein the compound composes a polymer. 

10) The method of claim 7 wherein the polymer is selected from the group consisting 
of a poiyeation. a poiyamon. a neutral polymer, and an amphtpathk polymer. 

11) The method of claim 7 wherein the compound contains a hgand 

12) A process for forming a compound having a labile disulfide bond .for use with an 
organism, comprising: 

a) forming the compound having a disulfide bond selected from the group 
consisting of (0 a disulfide bond thai is cleaved more rapidly than oxidized 
glutathione, and (it) a disulfide bond constructed from thiols in which one of 
the constituent thiols has a lower pKa than glutathione, and (in) a disulfide 
bond that is activated by intramolecular attack from a free thiol; 

b) inserting the compound into the organism 

1 3) The process of claim 1 2 wherein she compound comprises a polymer. 

14} The process of claim 12 wherein the polymer is selected from the group consisting 
of a poiycabon a polyanion, a neutral polymer, and an amphtpathk poly mer. 

15) Fhe process oi claim t~ wherein he t >mj ouod havn g jabih di uifide bond ss 
associated with a biologically active compound. 

15} The process of claim 15 wherein the biologically active compound is a 
polynucleotide, 

1 7 ) The process of claim 15 wherein the biologically active compound 15 a 
polypeptide. 

18) The process of claim 12 wherein the disulfide is a bifunehonai molecule. 
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